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immiLim 

10 The pTBsmi invention relates to novsS snxyme variants useful in a variety 

of deaning compositions, and tHe genes encoding such enzyme variants. 

Enzymes make up the iargest class of naturally occurnng pfoieiny Each 
class of enzy-ms generaliy catalyzes (accelerates a i>sac^on ^^\hoxA besng 

15 consumad) a different kind of chemics! reaction One class of enzymes known 
as proteases, are known for their ability to hydroiyze (break down a compound 
r.to two or more simpler compounds w^th Ihw uotake of the H and OH p<5!ls of a 
water moiecule on either side of tho chemical bend cleaved) other protesns. This 
ability to hydfoiyxe proteins has been taken advantage of by incorporating 

m naturalsy occurnng and protein sngineered proteases as an additiv® to laundry 
detergent preparations. Many stains on ciothas am protasnaoaous and wide- 
specificity pfoifeasas pan substantially improva removal of siach stains. 

Unfortunately, ih§ efficacy level of these proteins in their natural, bacterial 
envirtjnment. fraquantly does hot translate into tho relatively unnatural wash 

M environTOnt. Spocsfi^lly, protease chatactanstics such as therrnal stability* pH 
stability, oxidative stability and substrata specificity are not necessarily optimized 
for utilisation outside the natural environment of the enzyme. 

The amino acid sequence of the protease determines the characteristics 
of tbe protease. A change of the amino acid sequence of the protease may alter 

30 the properties of the enzyme to verying degrees, or may ev«n i.naotivate the 
ervyme. depending upon the location, n&tur& and/or magnitude of the ci^anoe in 
the amino add sequence. Several approsches have been taken to alter the 
wiid-type smii-^o acid sequence of proteases in sn attempt to improve their 
propenies. with the goaf of increasing the efficacy of the protease in the wash 

3S environment- These approaches include altering the amino acid sequence to 
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©^^sa^■cs thsfrna! stability snd to Iniprov^ oxidation stsbility und^r cjuit^ divsrs^ 
conditions. 

Despite the variety of approaches descrlbecf In the art, fhssre iS a 
continuing need for new effective variants of proteases usefe! for cleaning a 
$ variety of surfasses^ 

pb}e^S:;Or,thtPresgm,^^ 
It Is an object of the present snventlOfi to provide subtillsin er^zycne 
variants having Iniproved hydroiysis versus the wild-type of the enzymex 

^ is also sn ofejsct of th® present Invantlon to pfovido clsssnlng 
jO cojT?positiOns cofTiprisliig these subtihsin snsyme varisfits. 

SUMMARY 

The presenr Inveniion relates to subtlSisIn BPN' variants having a modified 
amino acid sequence of wild-type BPW amino acid sequence,, the wild-type 
amirto acid sequence comprising a fsrst loop region, a second loop region, a 

15 third ioop region, a founi-i loop region and a fifth loop region; wherein the 
modified amino acid sequer^>ce ccn-^prises different amino acids than that 
occurring in wild-type suhtiilsin BPH* (j.e.< substitution) at spaoificaily identified 
positions in one or more of the loop raglons vsitierafey ths BPH' vansr^t has 
doc^oasad sadsorptsosi tO) and Incrsaaad itydroiysis of^ an insoluble substrata as 

20 compared to tha wlld-typa subtiiisin Bm. The present Invention also rslatas to 
tJia ganes enoodsn^ such sybtiilsin BPN* variants, ThB present Invanftlon also 
relates to compositions connprislrip such subtilisln BPN' variants fof ciear^in^ a 
variety of surfaGas. 

25 I gubtilisin Variants 

This invention pertair^s to subtiiisin enzymes, in padicular BPN', that have 
been mod^f-ed by mutating the various nucleotide sequences trvsl code for the 
enzyme, thereby modifying the amino acid sequence of the enzyme. The 
modified subtiifsin enzymes (herainafter "BPH' variants") of the present 

30 Invention have decreased adsoiption to and irjcreased hydrolysis of an ifssoiubie 
substrate as compared to the wild^ype subtillssn,. The pmrnrM invention also 
pertains to the mutant genes ©ncodln^ for aych 8PN' variants. 

The subtilisln enzymes of this Invention belong to a class of enzymes 
known as proteases. A protease is a catalyst for the cleavage of peptide bonds, 

35 One type of protease Is a serine protease. A serine protease is distinguished by 
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the fact that there is an essential senna mmdm &i the aotive mi^. 

The observation that an enzyme's rate of hydroiysss of soluble substrates 
Incmases with enzyme concentration is, well docunented It would ihersfore 
seem plausible thai for surface bound substrates, such ss is encountered in 

5 many daanlng sppMcatfens, the rats of hydrolysis would increase wiUi increasing 
mtlam osncsntratloa This has been shown to be the case, (Brods, P,F, HI and 
D. S. Rauch, lAN^MUR "Subtillsin BFN*; Activity on an Immobill^jsd Substrate", 
Vol 8, pp. 1325-1329 (1992)). In fact, a iinaar dependence of rats uoon surface 
concentration was found for imoiuble substrates whan the surface concentration 

10 of the en?yme was varied. (Rufoingh, D, N, and D, Bauer, Xstaiysis of 
l-^ydroiysis by Proteases at the Protein-Sotutson Interface/* in Polyk^er 
SoiUTsONS. BlSnds ANDiNTERFACSS, fcd cy I Moda and D. N- Rubingh, Eisevser, 
p 464 (1992)), Surpfissngly, %>-ih&n seeking lo apply tnis principle in the search 
for vanant proteases which give faetier clevssnsng pefformanco, we did not find that 

15 enzymes which adsorp more give belter performance in fact, we surprisingly 
determined the opposite to bo the case cecreased adsorplson by an e? zyme to 
a substrate resulted in increased hydrolysis of the substrate (i e , better cleaning 
performanc©). 

While not wishing to be bound hy theory, it Is believed that sn-proved 

20 parfofmance, when comparing one variant to another, Is a result of the tcct tnet 
enzymes which adsorb tess are also less tightiy bound and therefom more h.ghjy 
mobile on tha surface from wtiich the Insoluble protein substrata Is to be 
removed. At comparable anzyma solution concentrations, this increased mobility 
is sufficient to outweigh any advantage that ss conferred by delivering a higher 

25 concentration of enzyme to tr^e sufface. 

The mutations described herein are designed to change (i a , decrease) 
the adsorption the en^y.-r-e to surface- bound soils Ir^ &PU, certain amino 
acids foriTs exienor loops on the enzyme molecule. For purposes of discussioa 
these loops shall be referred to as fsrs! second, ttiird. fourth and fjflh loop 

3D regions. Specifically, positions 59-66 form the first loop region, positions 95- 
107 form the second loop region: positions 126-133 form the third loop region, 
positions 154-16? fomi the fourth loop region, positions IST-ISI form the fifth 
loop region; and posltloifts 190-220 fomi the sixth loop region (position 
numbofing analagous to positions in the amino acid sequence for wild-type 

3S subtiiisin 8PN' {SEO ID MO; 1 )), 
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it believed that thes^e foop regions p^ay a Significant rok-i sn the sdsofplson 
of the enzyme molecule to a surfac-3-Dcnj"-d popt.do, end speaf>c m!Jtat>ons m 
one or more of these loop fit>9i'.^ns vv-'i h;-Vve a sr-n^"! \'rv. >?'deci on thss 
adsorption. While mi wishing to ise Dound by theory, it i» beheved that the loop 
5 regions are important to me adsorption of the 8PN' molecule for at least two 
reasons. First, the amino acids which comprise the ioop regions (^n make ciose 
contacts with ar^y siurfaces to vi^'di the molecule i§ exposed. Second, the 
proximity of the loop regions to the active»site and binding pocicat of the BPM' 
molacute gives them a role In the catajyticaily productive adsoiption of the 
10 mzy ie to surface-bound substrates (peptsdes/pfotein solis). 

As usc-d herein, "Variant'^ means m enzyme having an amino acid 
sequence whsch dsffe? # Itom of wsid-type, 

As used nerosn "mutant BPfs!' gone" means a gene coding for a 8PN' 
variant. 

IS As uscid hefe^n, Vsld-ivpe M.bvj^^p, SPN" refers to a subtihs-n enzyme 

represented by SEQ ID NO 1 I he ro acd seau-snce for su&thssin BPN' is 
further described by WeHs. J, A , £ Ferrari, D, J. Henner, D. A Estei! and E Y. 
Chen, NUCLBC Adds Reseakch, Vol. H. 7911-792S (1983), incorporated herein 
by feferen«- 

20 As ysed herein, the iemi ^'wild-type amino aeld sequence" encompasses 

SEQ ID NO:t as well as SEQ ID HOn having niodlfioations to the amino acid 
sequence oth^r than at any of positioris 95-107, 126-133, 154-167, 187- 
191 and 199-^0. 

As used herein, 'more hydrophsiic amino acid" refers to any o*hcr omino 
2S acid having greale hydrophihcsty than a subject amsno acid witn reference to the 
hydroph'Ncity table be"cw The fas-owsng hydrophiiicsty W:A& (Table 1) Nsts 
amino ac<ds m desccrdno ofd:r ct !r:-ca?>ng iiydropnshr.ty (see Hopp, TP, 
and Woods. K R , "Pfed>ci.o:\ oS Prctc- r Antigenic Determinants from Asnino Acsd 
Sequences'", PROCEEDstxios r.-i^i NALCfviAS Acade.my qp SCIENCE USA, Vof. 78, 
30 pp 3S24-3S28, 1081, irr-of por ated herein by reference). 
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TABLE 1 





HvdrophilsCity Valus 


"^T 


-3,4 


Ph© 


-2,6 


lyr 




Leu, Me 








Met 


1,3 




t.O 


Ala, His 




Thr 




Pro, Gly 






U.2 


Ser " 


0,3 


A^Q-^, tys-^, QliT, 
Asp- 


3-0 



taU& 1 also lodisatss which amtm acsds earry a chargs {Ms 
ctiaraclenstic bsjngi teased on a pH of from about Th^ positively charged 
amino acsids are Arg and Lys, tli® negatively changed ammo acids are Glu and 

s AsPf and the rema?f>sng smsno adds ate f^<?utia' ir s pr^^orrod embodiment of 
itm prasent Invantion, the substituting amino scsd ^ >^ * ifr' ne.stf^l or rtegatively 
charges more preferal iy negativelv ch rqed (s n,. Gsu or Asp). 

T'le o^'oro *or t-xarplc t^^e statement "bJt ststuV C n wsth an ^quaHy or 
more ^-^^ .*r\->hi i anrn acJ vhsch <s rostra or nas a necati/e charge" means 

10 .Vr vvcu o subs* Ltet %vs n ^ ^/vS > >s ^-q.,a' y r.'Cfjop'-sho; to Gin), or Sen 
Gii, or ^so /vv^jc ere i-^o^v r drcphilc f^ar Oro, ^vh ^'"jrh .^ie neutral er 
'■^ave a neg<-.t ve cba,g<= cind have a orecter hycroohs lau vc-iue 3-> compared to 
GIr L.ke the statement '^sut ziAuie Pro with a more hyd^opn Uc amino add 
s^h ch s iejt.al or has a negative charge" rneans Pro would be subslfluiad wth 

m Q\ Asn, Bet, G^u Of Asp 

in one embodsment of the present rnversSlon, the BPN* variant has a 
modsfiad amino acid sequenca of wsld-typa ammo aad sequence, wherein the 
mod ted amino acid sequence comprises a subst iuvm at oiq or more positions 
in one or more of the first, seoond third fourth ot ti^h iocp r^r-iK fi* ^-hereby the 

20 BPN vsna-^t hc" doc oasod aosorption io a",d n-v-^^ed h^d'-^lysi.'s of, an 
insdutrie i>i<Dst <st< as compaed to- wiid4 pe sld. Ise,n SPK' 

In another embodiment of the present snverition, the BPN variant further 
compns s one or mose substitutions to the s!>t loop region. 



In a preferred gmbodiment of ?hw prpss-m srivft.-.lon, the substituting Bmlno 
acid for one or jnore of the posstjons in ork-- or more of tne loop regions is, with 
reference to Table 1, r^eutral or negatsveiy charged and equaNy or more 
hydrophyiic, preferably more hydrophyiio, Ihsn the arruno acid at the subject 
■S position sn the vvsld-type amsno add sequence, 

A. Subsf jtut[0ns l o th^ 

When a substitution occurs m the first ioop region, tho substitution occurs 
at ona ©f mor^ of positions 60, 60, 61 , 63, 65 Of 

When a substitution occurs at position 59, the subststuting amino acid is 
10 ^sn, Mp, Giu or Set. 

When 3 substitution occurs at position 60, the substituting asTOno acid Is 

Glu, 

When a subststut-on occurs ai pDsiison 61 , Ihe substituting amino acid is 
Asp, Gin. Glu or Ser. 

15 When a substitution occu-s si position 62, the substituting amino acid is 

Asp. Gin. Glu or Sm. 

When a substitution occurs at position S3, the subst:tut=ng amsno acid is 
Asp Of Glu. 

When a suijstlti^ion occurs at position 65, the substituting amino acid is 
20 Asn, Asp, Gin, Giu, ^ro or Ser, 

When a substitution occurs at position 66, the sybstituting amino acid Is 
Asn, Asp, Gin, Giu. Giy, Pro or Ser, 

B. Sybstitutions in the Second Loop Heaion 

When a substitution occurs in the second ioop region, the substitution 
as occurs at one or more of positions 95, 96, 97, 98, 99, 100, 101, 102, 103. 104, 
105. 106 or 107. 

When a substitution occurs at positicri S5, the subststuling amino acid is 
.A;a, Asn. ,Asp. Cys. Gin. Giu. Giy, Hss f^lot, Pro, Ser or Thr, 

When a substitution occurs at position SC\ the substituting amino acid is 
30 .Ala. Asn, Asp Cys, Gin. Giu, Giy, Hjs, iie, Met, Pro, Ser, Thr or Val. 

When a substitution occurs at position §7, the substituting amino acid is 
Asn, Asp, Gm, Giu, Pro or Ser, 

When a subslllution occurs at position 98, the substituting amino acid is 
Asn, Asp, Gin, Glu, Giy, His, Pro, Ser or Thr, 
3S Whan a substitution occurs at position 99, the substituting amino acid is 



Glu. 

When a substitution occurs at position 100, the substituting amino ssdd is 
Asn, Asp, Gin, Glu, Pro or Ser, 

Whsn a substitytion occurs at position 101, the substituting amino acid is 
s AsporQSu. 

Whan a subsiHuUon occurs at position 102, the substituting amino add is 
Mr!, Asp, Gin, Glu, l*fo or Ser, 

Wh©n a substitution occurs at position 103, the subsiiiuting amino add is 
Am, ABp, Gluof Sen 

je When a substitution occurs at position 104, tha substituting amino aold is 

Ala. Asn.. Asp, Cys. Gin, Giu, Gly, Hf§. n«. leu. mi Pro, Ser, Thf or Val 

When a substitution occurs at position 105, the substituting amino acid is 

Asp or Giu. 

When a substitution occurs at position 106, the substituting amino acid is 
IS Ala, Asn. Asp, Cys. Gin Giu, Gfy, His. lie. leu, f^<1et, Phe, Pro, Ser, Thr. Tyr or 
V^i, 

l^'hsn a substitution occurs at posdion 107. the subsuiutirtg amino acid ts 
Ala, Asn, Asp, Cys, Gin, Giu. Giy. His, Leu Mel. Pro, Ser. Thr or Vai. 
C. Substitutions in the Third loop Region 
20 Whan a substitution occurs in the mird loop reglors, H^e substitution 

occurs at on^ or mora of positions 126, 127, 128. 120. 130, 131, 132 or 133. 

When a substitution occurs at position 126, ttse substituting amino add is 
Ala, Asn, Asp, Cys, OIn. Oiu, Gly, His, lie, Met, Pro, Ser, Thr or Vai 

Whan ^ SMbstltutlon ocsjurs M position 127, the substituting amino acid is 
25 Asr^, Asp. Gin, Giu, Pro or Ser. 

When a substitution occurs at position 128. the substituting a.nnino acid is 
Asn. Asp, Gin, Giu, Gly or Ser, 

When a substitution occurs at position 129. the substituting aniino acid is 
Asn, Asp. Gin, Giu. Gly or Ser. 
30 Whan a substitutior^ occurs at position 130. the substilutsng arruno acid is 

■ Asp or Giu. 

When a substitution occurs at position 131, the substitutirvg an-.ino acid is 
Asn, Asp, Gin, Giu, Giy or Ser, 

When a substitution occurs at position 132, the substituting amino acid is 
3S Asp or Giu. 



When a substitiition occurs at position 133< the sub$tUuUng amino acid is 
Asn. Asp, Gin, Glu, Gly\ His, Pro. Ser or Tnr. 
0. SiiMB^jljgn^-iath^EotJrth Loop Region 

When a subslitulion occurs in the fourth loop mgion, the substitution 
5 occurs at one or more of possibns 154, 1 S§, 1 56. 167, 1 SS. 1 S9. 1 60, 1 61 . 1 Sa, 
163, 164, 165, 166 or 167. 

Whert a substitution occurs at position 1S4, the substituting amino add is 
Am, Asp, Sin, G!u, Pm or Set, 

When a substitution ocojrs at position 155. tha substituting amino acsd is 
iO j^sp, Gin, Giu or Ser. 

When a substitution occurs at position 166, tiie substituting amino acid is 

Asp. 

ysihm a substitution ocajrs at position 157, the substituting jsn-jino add is 
Am, Asp. Gin, Glu, Pro or Ser. 
p When a substitution occurs at positson 158, ths substituting amino acid is 

Asn. Asp, Gin, Glu. Gly, P.^o or Ser 

When a substitution occisrs at position 1S9, the substituting amino acid is 
Asp or G iu. 

When a substitution occurs at position 160, tiia substituting amino acid is 
20 Asn, Asp, Gin, Qlu, Pro or Sar, 

Whsn a substitution occurs at position 161, the substituting amino add is 
Asp or Glu. 

Whan a substitution ocours at position 162. the substituting amino acid ts 
Asp or Giu. 

as When a substitution oooirs at position 163, tii^ substituting amino acid is 

Asp or Glu. 

Wijfsn a substitution occurs at position 164, the substituting am\m acid is 
Asn, Asp, Gin, Glu. Giy, Pro or Ser, 

When a .substitution occu.rs at posjison 165. tne substituting amino add is 
30 Aia, Asn, Asp, Cys, Gin, Glu. Gly, His, MbI Pro, Ser or Ttu. 

V'v'hen a substitution occurs at position 166, ths substituting amino acid is 
Asn, Asp, Gin, Giu, Pro or Ser. 

When a substitution occurs at position 167. me substituting amino acid is 
Ala, Asn, Asp. Cys, Gin, Giu. Oly, His, lie, Uu, jyiat, Pro, Ser, Thr or Vai. 
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Substitutions sn the Ps^th lorn R^-ic- 

When a subsliii.;hcn occu-s n ihc fnth ioop regiDn. the substitution occurs 
at one or more of posstsoni- 1 'r '•X^ i 1 bO or 1 9 1 

When a substitution occurs at position 187, tha substituting amino aod Is 
$ Asa Asp, Gin, mu, (Sly, His. Pro, Ssr and Thr, 

When a substitution occurs at position 188, the subslituiing mum acid i« 
AsporOiu. 

When a substitution occurs at position 189, ihs substituting amino add is 
Ala, Asn, Asp, Cys, Gin, Gtu, 0!y, His, He. Lsu. f^et. Pro, Ser, Thr, Tyror Vai. 
10 When a aub^itution occirs at position 1 90, the substituting amino acid is 

Aspof 6iu> 

When a substitution occurs et position 191, th& substituting amino acid is 
Asp or Glu, 

IS When a substitution occurs m \h^. sixth loop regioi^ th^e subsliiulion 

occurs at one or more of positions 199, 200 201, 202, 203 204. 205 206, 207, 
208. 20S 210 211 - 212. 213, 214, 215, 216. 217, 216, 219 or 220. 

VVhsn a substitution occurs at position 198, the substituting amino add for 
position 1S9 js Cys, Als, His, Thr, Pro, Gly. Gin, Asn. Ser, Asp or Giu. 
20 Whsn a substitution occurs at: position 200, the substituting amino acid for 

position 200 Is His, Thr, Pro, Giy, Gin, Asn, Ser, Asp or Giu. 

When a substitution occurs at position 201, the substituting amino acid for 
position 201 is Giy, Gin. Asn, Ser. Asp or Giu. 

When a substitution occurs at position 202, the substituting amino acid for 
25 position 202 Is Pro, Qin, Asn, Ser, Asp or Gfu. 

Whan a substitution occurs et position 203 the substjiuUng afnino acid for 
position 203 is Mb\ Cys, Aia H^s, Thr Pro. Giy. Gin. Asn, Ser, Asp or Glu. 

When a substitution occurs at pcsitson 204, th« substituting amino sc:d for 
position 204 is Asp, or Glu 
30 When a substitution occurs at positson 205, the substituting an-iino ac-d for 

position 205 is Leu, Vai, t^et, Cys, Ala, His, Thr, Pro. Giy, Gin, Asn. Ser, Asp or 
Giu. 

Whan a substitution occurs at position 206, the substituting amino acid for 
position 200 is Pro. Asa Sar, Asp, or Glu. 
35 When a substitution occurs at position 207, the substituting amino add for 
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position 20? is Asp or Giu. 

When a substitution occurs a! possfson 208, the suteststuting ammo aad for 
position 208 i$ Pro. Gly, Gin, Asn, Ser, Asp or Giu, 

When a substitutjon occurs at poutlor^ 203, tHe substituting amino acid for 
5 position 209 Is lie, Val, Met, Cys, Ala, His, Thf, Pm. Gly, Gin. Asn, Ser, Asp or 
0ia 

When a substitution occurs at position 210, ihe suMuting amino acid for 
positlon SIO is Ala, Gly, Gin, Asn, S^r, Asp or Giu. 

When a substUution occurs at position 21 1, tiie subsfituting amino acid for 
to position 21 1 Is Ala, Pm, Gin, Asn, Ser, Asp of Giu. 

When a substitution occurs at position 212. the substituting amino acid for 
position 212 is Gia Ser, Asp or Giu. 

When a substitution occurs ®l position 213, the sut^stituting amino acid for 
position 213 is Trp, Phe, Tyr, Leu, fte, Val, MBi, Cys, Ala, His, Tlir, Pro, Gly. Gin, 
y Asn. Sef, Asp or Giu, 

When s suostitution occurs at position 214, the substituting amino acid for 
position 214 is Phe, Uu, ite. Vai, Ms^t, Cys, Aia, His, Thr, Pro, Giy, Gin, Asn, 
Sen Asp or Giu, 

Wtian a sufestUution occyr§ st position 215, substityting sittino add fof 
20 pbsittoft 21S is Thr, Pro, Gin, Asn, Ser, Asp or Giu. 

When a sdsstitution occurs at position 216, the substituting amino acid for 
position 216 is His, Thr. Fro. G!y, Gln< Asn. Sef. Asp or Giu. 

When a substitution occurs at positron 217, the substituting amino acid for 
positional? is Im, tie. Val. Met, Cys. .Aia. His, Thr. Pro. Giy; Gin, Asn. Ser, Asp 
n or Giu. 

When 3 substitution occurs at posstion 218. the substituting amino acid for 
position 218 is Gin, Ser, Asp orGlir. 

Winen a substitution occurs at position 21 S. ti'^e substituting amino acid for 
position 219 is Pro, Gin, Asn. Ser, Asp or Giu. 
30 When a substitution occurs at position 220, the substituting amino acid for 

position 220 is Pro, Gly, Gin. Asn, Ser Asp or Giu, 
G, Preparation of enzyme variants 

Examplal 
M utant Genes 

3S A phagemid {pSS-5) containing tha m\4 type siibtilislr> iPI^' mm 



(Mchsmon, C and J, A, Wells, f198S), T^otein Engsneoring of Di^uJf^Ue Bonds 
sn SubtiHsin BPH\ B\QCHBU\STRY. Vol 28, pp. 48CS/-481S) ss transformed into 
Escherichia coli ungsirBlr-, CJ236 and a single stranded uracii- containing DMA 
template 1$ produced using tie VCSM13 helper phage {Kur>kel, T.A, J.D, 

5 Roberts and R,A. Zakour, "Rapid af>d efficient stt^-specific mutagenesis wthout 
phenotypsc selectW, Methods !H Bmrntmy, Vol 154, pp. 3S7-3S2, C198T); 
as modsfi^d by Yuckenfoerg, P,D., F. Wtoey, J. Oeisseisodef and J. McClary, 
"Sit0»dlmcte<l in vitro mutagenesis using uradf-containfng OHA and ptiagamsd 
vectors". Directed Muta«3£NES?s - A PRAOtiCAL Af^proach, ad, MJ. ft/lcPharson, 

10 pp. 27-46, (1091); bottt of which are Incorporatad h^rain by raference). A singia 
primer site-directed mutagenesis moditlcation of the method of Zoiler and Smith 
(Zoiier, MA, and U. Smith. "Oiigonudeotide-difected rr-utaoenesis using MIS- 
darivad vectors- an efiscient and general pmceciwo for the production of point 
mutations in any fragment of ONA'". Nucl£;c Acids Re?£A"v:;=, vo: iO, pp 6487- 

IS 65O0. (1SB2), incorporated herein by reference) ;s used to produce all mutants 
(basically as presented by Yuckenberg. et a/, 1991, above). Oligonucleotides 
are made using an Applied Bsosystem Inc. 3808 DMA synthesiser. Mutagenesis 
reactiof^ products are transformed into Eschemhia a^i strain (American 
Type Culture Collection £ Co//. 33625). All mutents are confirmed by DNA 

30 sequencing and the isoiated DNA is transformed Into tha Badlias subtm 
axpresslon strain SG2D36 {Yang, Y., Ferrari and D, I Henner, (1984), 
"Cloning of the Heutrai Protease Gene of Bacifius ButMIs and the Use of the 
Cloned Gene to Create an Wrm-derivad Deletion ^Sutation", Journal of 
BACiHRiOLOOY, Vol, 160, pp. 1S*21), For acme of the mutants a modified pSS-5 

25 with a frameshift»stop codon mutation at amino acid 217 is used to produce the 
uracil template. Oligonucleotides are designed to restore the proper reading 
frame at position 217 and a: so erxxx^led for random substitutions at positions 59, 
60, 61, 62. 63. 64, 65, 66; 95, 96, 97, 98, 99. 100, 101. 102., 103, 104, 105. 106. 
107; 126, 127, 128, 129, 13iD, 131. 132, 133. 154, 156, 166, 157, 158, 159, 160. 

30 161, 162, 163. 164, 165. 166, 167. 18?, 1S8, 189, 190, 191. 199, 200, 201, 202, 
203. 204, 205, 206, £07, 208 209 210, 211, 212, 213, 214, 215, 216, 217, 218, 
219 and 220 (equsmolar and/or variable mixtures of all four nucleotides for ail 
three bases at these eodons). Mutations that correol for the frameshlft-stop and 
produce a functional enzyme are Identifiad by their ability to digest casein. The 

3S random substitutions are determined by DNA sequencing. 
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Exampte 2 

Th0 aadte mbbllB ceils {BE2036) containing a subUisssn mutant of 
interest ar^ grown to mid-log phase m a one Ister cuiture of LB glucose femih and 
s InocuiatDd snto a Biostat ED fermenier (B, Braun Bjotech, Inc, Allenlown. 
Pennsylvania) a total volume of 10 liters. Tiie fermentation media contains 
Yeast Extract, starch, antifoam, buffers and traca minerals (see FERS-iENiAifON; 
A Practical approach, Ed, B. McNeil and L. M. Harvey, 1990), Tha brott^ is 
kept at a constant pH of 7.0 during the fermentation njn. Ciiloramphenicai is 
10 added for antibiotic s^iection of mutagenlzed plasmid. The oeiis am grown 
ovenrvight at 37°C to an P^Qty oi about 60 and harvested. 

Example 3 
P^£sf]Cgtbn 

The f.-rmentation t^roth ss isken tnrcugh tHe f;>ilovv>ng steps to obtasn pure 
0 ensyme The Droth iS cleared rf Q.^alius &utMs ce'As by csrintrjtugatson, snd 
darifi&d by reftioving fsne p3rticu;at«> with a 100K cutoff membrane Ttn^ ss 
followed by conoentration on a 1 0K cutoff rr^ombrane, and fiow dialysis to reduce 
the ionic strength and adjust the pH lo S.S using 0.025M MES buffer 
morpholino)ethanesulfof>lo acsd). The enzyme is further purified by loading it 
to onto either a oation exchange ctiromatography coiumji or an affinity adsorption 
chromatography column and eluting it fronf^ the cpiumn with a HaCI or a 
propylene glycoi gradient (see Scopes, R. K., Protein Purjfscatiom Prin»es 
AND PRACTiOE> Sphnger-Verlag, New York (1964), incorporatad herein by 
reference), 

M The pNA assay (Dei^/Sar, E.G„ C. targmar^, J.W Orodrick and U.C. 

Gc-oKas, A-^^AL 8fOCHE?>i , Vol 99, pp 316-320, {1970), incorporated hc^reM'i ov 
rc-foi^anco) ;s used to deterii^ine the active e.nzyme concentration lor IVaclsons 
coiiecte-.:: during qrad^ent elut^on Thi,<^; assay n-oasures tnc rate at which p- 
nitroonsiTso is released as tno enzyme hydfo^yzes the solublf^ synthetic 

30 sub;^t?ele, s, jccinyl-aianine-alansne-proiine-phanyloianine-p- nif oan^lsde (sA,A,PF 
pNA). T,he rate of production of yeliow color fron^ the hydrolysis reaction is 
measured at 410 nm on a spectrophotometer and is proportiona; to the active 
enzyme concentration. In addition, absorbance measurements at 280 nm are 
used to detemiine the tota! protein concentration. The active enxyme/total- 

35 protein ratio gives the enzyme purity, and is used to identify fractions to foe 
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pooled fef the stock solution. 

To avoKl autoV&is ni « :;u } ag-^ a,< «^qurl vso^ht or 
propvene gl\ccl adcv^-j ^.^^c^ cD(„ '^■1 facti^s obtained tfc^^ tr"^ 
chfom tc^iaoh coIuth Upon ionri^ticn m punfscatjon procedure tne 

s putit^if tne ■^'ock ^n^-'snso i^oiution s checked w,th SDS-PAGE (sodiu rs dodeoy! 
m^ait. po'vacn,4afride ge^ eig-ctroj: horessis) and the absolute enz>TOe 
es«c@ntrat{on m determsnsd vra an active site titrate n method usng tryossn 
inhibitor type U T iuA^y egg whits purdiased from Sfgma Chemical Oorppmy 
(St Louis, Missoun) The rneasured conversion factors will show which disngcs 

10 made in the erszyme molecule at the vanous positions result m the enzyme 
va ant having incrsasad act vity over the wsld-type against the soluble substrate 

pm. 

In preDaratscn tor use th<, cjnzvme stock soutior is eluted '^ircugh a 
Ssuphad0X''G::5 {Pharmacc Pibcatava> Kex-v .eis-^>^ s.e cxcusion co'^^nr to 
IS ?eno\e t^>e ft ^p>l»fv v co and exchan^ge tnc bufte'- Ihr^ MhS turfer n * 
f'^Q "-ocr sclu son s exchv-n^ed toi 0 1 U Tns buttc (TusinsaraKss > I 
ams It w-n^ ^ c-^rXci^iM 3 im <'\C ^ and pH adjusted to 8 6 w,f^ HCI AM 
expenn*^ -^f^^ > r ^ s Ins bu8"er thennostatsd at 2S"C, 

Example 4 

Model Surfa ce Preoaratjon 
Aminopropyl controlled pore glass (CPO) purchased from CPS Inc. 
{Fairfield, Now Jersey) is used as a support for covalantly attaching the sAAPF- 
pHA sufeetfata purchased from Bachem, Inc. (Terrence, Galifomia). Tho feactissn 
2S IS earned out in dimethjf! aulf oxide and (1-ethyl~3-{3-(dimethylamjno)pn3pyI| 
Cn'rc-d-nae h>d?ochlo» de) (EDO) s ubed a«j a ^ou.^lmo Uf^on 
ccnpio'>cn imontofed bv pNA assay), tho excess sclv<-^n r> renc\'e<i end t-^e 
CPG s^V^r phA s Tsec wuh di n-^^nyl si. Inx'dc ^DV^ O) ard do^bK' distsILd 

30 'eacisur ^<-i- ,. d „Y€' a a cn of t"i nrnbUrc bs'r.^ ^ se ^f^i i^-clfc-^ 
' desc'bec? b^ t?fOO.e PF >il ^n:: D R3«c^ Su^^^ BPM Actvit\ un <^r 
ImmobsUfd Cubstrae' langwr. Vol « p 1325 13^9 '19C2) rco pcratv^c 
herein by retsfersce. 

IhB CPO s:urface will have 62 000 i J, WO pNA molecuies/fim^ The 
35 surface area will remasn ur^changod f m the value of 50 Om^/g reported by CPG 
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inc. for the CFG as received. This suggests that the procedure used to add 
sMPF~pMA to CPG doss not damage the porous structure (mean diameter is 

Using CPG;sMFP'iaHA, adsorption of an enzyme variant and Hydmlysis 
of a GPCS^dufid peptide can be measured In s single expefimsnt. A small 
voiufjia of sr^yrns varias^t istpck soiuliors j§: :^ddadlo ^g?k dorit^isi^ih^ Tris bu^er 
and CB6:sMPF-j5NA which has been degassed. The flask is shaken on a 

xo wrsst-actioh shaksr for a f^riod of 90 mintilos diiring which the s:haker Is slopped 
at various time Intervals (for exarjipSe, every 2 minutes during the early stages of 
adsorption hydrolysis ~ e.g., the first 20 minutes - and every 10 minutes towards 
the and of the expertmanl). The CPG:sAAPF-pHA Is allowed to settle and the 
solution is sampled. Both the experimsntai procedurB and the calculation of the 

iS adsorption and hydrolysis are conducted as described by Brode et aL, 1992, 
above. 

Ail enzymes are monitored for stability against autolysis and should- show 
no appreciable aytolytic loss over the time course of this experiftsent, Tihsrafore) 
enEyftie adsorptlori c^n fea det^sniftined by rRea^urir^g solution depletion. The 

20 dlffaranoe batwasn tha initial anzyma variant concentration and the 
concantratlon measured at each individual time point pves the emounl of 
anzyftie vanani adsorfeed. The amount of pNA hydrolyzed frofii the surface is 
measured by taklhg an absorbance reading on an aliquot of the sampi© at 410 
nm. The total amount of pHA hydrclyzed is caicufated by adding the amount 

25 sampled and the amount remainlrjg in the flask. This value is corrected by 
subtracting the amount of pNA that is hydrolyzed by Tris buffer at pH 8.6 when 
no enz>'me Is present. This basa-hydroiysis ranges from l-m^ of the total 
hydrolysis depending on the eff iciency of the enzyme. 

Example 6 

m SoluyiJubgrMeKinetic Analysis 

The rates of hydn^iysls of the soluble substrate sAAPF-pHA are monltorad 
by measunng the adscrbance Increase as a function of time at 410 nrri on a DU- 
70 specirophotometer. The enayme concentration is held constant and Is 
prepared to be in the range of 8«10 nanomolar \«*ile the substrata ooncentratlon 

35 is varied from WOD pM sAAPF-/3NA for each i^inetlc determination. An 
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adsofbance data point is taken Barh second ovwr a p^rsod of 900 seconds and 
the data are transferred tcs a Lotus"''*-' spreadsheet (Lotus Development 

condjctcd by the s^cnoaro Ls'-aveaver Surk analys.s jn whsch tne data r ire 
5 jHitisi part ut the run (q^^nersHv tno f.$st 'nr^utc) are fit to a linear regression 
curve to 4\%'% Th^ v'o ar^d % daia are ploitod in the standard inverse fashion 

t0pvel<(y|sndkeat- 

i Example BPM' variants 

8PN' varisms of the pfsseni iwention which have decteassd adsorption 
10 to end increassd hydroiysfs of surface bound substrates are exemplified m 
Tables 2-25. below In desmbing the spedtSc mutations, the onginai amino acid 
ocjcurnng m vsfild-type is gsven fti^t, the position number second, and tho 
substituted ammo acid tm^. 

TABLg 2 

JS Loop 1 ^ Single Mutation Vananls ™_™™____„ 

GlnS^ser 

AsnSlSer 
Asp.€2Asp 

Asn62Gla 

Ser63Asp 

QlfBBAsti 

Gi^65Gln 

Giv€-5Pro 
GivSSSer 
ThrSfiAsn 
Thr66Mp 

ThrSSGlu 

ThrSSFro 



3S 



30 



35 



TABLES 



loop 1 - C^uble Mutation Variants 





+ 








AsnSlSsr 












GXy65Gln 












ASEn62Asp 


GlnS9Siu 


+ 


AsnSlGln 


Asp60Glu 


•S- 


Gly65Gln 




+ 


GlySSPro 






GlnSSSer 




S)t *f Vi 5 ?i *5 




+ 


GiySSGln 




•5- 








Asii62Glu 




•+ 




GlnSSSer 




^Orp VV ^3 JU W 


IVsp6DGlu 




.1. ??VV3 XAi 




* 
■ 










Asn62G,ln 


T 






•!■ 


Thr66Ser 












Glv6Srro 






Thr 6 






Asr..6.;G.lu 


As n 6 2 Asp 




GIv^Sg:-:;; 


AsaGlGln 




Ser63Asp 


GinS9Ar>p 






Se.r63Asp 






Ser63G.].u 


-!■ 




?Vsn62Glu 


■S- 




?lsn6,lAsp 


4 


GlyCSSer 


Gly6SPro 


4- 


Thr66Ser 


GlriSSSer 


4- 


Axn62Ssr 


Asp6DGI« 


•f 


Glv65S«r 


Ser63A$p 






AmeiGlK 




Ser63Giu 


AsbSIAsd 




Asne2Ser 


GlnSSGlis 




GlySSPro 


Gin59Ser 




Asn&lhsp 












Gly65Ser 


Ssr63Giu 




Thre6Ser 


AsnSlSer 


■J- 




Asr562$er 




Gly65Pro 



TABLE 4 



Loop 1 «Tf pleMtit::! i wi^^ 









4 




Jksn&ZQln 




Giy6&Ser 




U'nr&6Asp 










Thr«>6GxK 




-f 


Ser63Glu 




ThrSSPro 












Ser63Glu 




Siy6SSer 




Thr66AsT5 










Thr66Giy 


GltiSBSBt 








Thr6&Pro 






Arp»OGlu 














GiybSSer 








■f- 


Tfer66Glri 














4- 


Ser &3?^sp 


J. 








Asr.62Gin 




Gly§SPro 










fiar 6 6Gly 












AspSOCiu 










AspSOGlu 








GiySSSer 






Gl yfeSPro 














A. r '"'A'^r 




4- 
















n IK ^^x 
















" ^ I, 


























' li, 2;''' NO 


















' " > : 












A— 1 






















+ 
















Set 63GXu 


GinSSSsr 




Asp60Glu 







TABLES 

^ toop 1 - Quadwpie Muit tion Vari ^"t^ 

AsptOGl + At5-&o.S«.r * <3iy6orro 4 Tht66Gln 

Asn62Gln -i- SerSSG^u GIy6SPro rhii>6Gln 

45 Asri6ir\u f Asn*52Gl » SerOiAsp * ClySSPro 

Glr.S?^sn iJ>pbOG^u * Arr.olCSIn »■ Glyf^Asn. 



mmmmw 





G 1 "-'A. T 








<• ^ "^Asp 








C--' "0\£t 












Gi y65y s-r 












C ... .. t ,4.-s.* U 












Asn^lAtsp 




^>-~'<^>JG~U 








































C^i Ciu 




poOGlu 




A^nii.Asp 












A ^n^-^Aijp 




Sot t iQ.^'o 












Asno2Giu 




Silt 3GIq 


4- 










































,f „:>?.- t.ooli. 




'-i.s * .A.s^..- 








AspbOGiu 








Jex t iAs:p 
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GIn59Ssr 




A'=;p60v;iu 




Asr.C.2A;?p 


-f 










Asn,S2Asp 




G; yC5Ser 








AspoOGiu 




Asn6iGix> 












GlnSS'Ser 




Asp«OG.h.i 




AKT5e2A?;p 




Glv€bGlT5 


20 


A3p60Giu 




AsnclSer 




Asn62Gln 




S-r€3Glu 








Asn.6iSer 




Sert3A;>p 


4 










Asp60Glu 




AsnolGln 




Serf>3Glx; 




Asp60Glu 




Ser63Giu 




Giy65S€r 




?hr66Asn 




GlnSSAsn 




Asp60GlA3 




Ssr63Asp 


+ 


Gly€5Gln 


2S 








■ 






Thi-66Ser 



TASLE6 

Loop 2 Sfngte teatlo n Vanants 

Vai9SAl« 

Val95Asp 
Val95Cy?; 
ValSSGlri 
Val&SGiu 
VaI95Giy 
Va.l95H.is 
Val95Ket 
VaXSSPro 
Val95Ser 
Val95Thr 
Leu96AIa 
Leu§6ASK 
LeuSSAsp 

Leu96Gin 
Leu9SGlu 
Lsii96Giy 
Lsu 9 6 His 



3S 



Leu96Met 
Leu96?ro 

Lou96Thr 
Lea9&Vai 
Gly97A?;ri 
GIya'?Asp 



Gin 

9 / Pro 



AJ.a98AsT2 
AI.598GIU 

Aia98Ser 
A.la93Thr 

GiylOOAsft 
GiylOOAsp 
GlylOOGln 
GlvlODGlu 
GlylvOF-rc 
GlylCOSer 

Glyl02Asp 

GiylOSGlu 
01ylG2Pj?o; 
Glyl02Ser 
Ginl03Asn 
Glnl03Asp 
GlnlCBGlu 
GlnlOBSer 
Tyri04Ala 

TyrI04Cys 
Tyrl04G.ln 
Tyrl04Glu 
Tyrl04Giy 
Tyrl04His 
Tyrl04Xae 
Tyrl04Leu 



Tyrl04Pro 
Tvrl04Ser 
TyrX04Thr 

SerlGSAsp 
Serl05Glu 
Trpl06Ala 

Trpl06Asp 
T.rp3 06Cys 

TrplO€GiU 
Trpi06Gly 

TrpJ06Iie 
IrplOcLeu 
Trpl OoMfit 
TrploePhe 
TrplOSPro 
TrpiOSSer 
Trpl06ThJ: 
Trpl06Tyr 
TrpIOgVai 
Ilel07Al5 

IIelO?Asp 

Xx«X076I« 
I1^107Giy 
Iiel07His 
Il8iO?Leu 
lielOlHst 
IielO?Fro 
IlelO?Ser 
IlelO?Thr 



TABLE 7 



Loop 2 - DoubSg Mutation Variants 



Val 95Gin ^ ScriOlGlu 
Gly SIS*!: -s- G.I y ; -X G: n 

ser:! GSG-iu * Trri ocg: V 

Akp 99Gi\i ^ GiniC.-iAo:;; 

Gly 97A.3P Il-si07Thr 

Gly looser 4 Glyl02G.lJS 

Leu &6Ser SerlOlGlu 

Asp S9Giu -i- Ilei07Aia 



2i 





Leu 96Asn 












TrplOSAsp 




Tyx'I04Leu 


4 






Tyr I04i- rc- 






3 










GlylOOPro 




SerlOlGlu 




Vai 9SAsn 




Ala 9BAsp 




Va.l SSMst 




IlelOVGly 




?>.sp 99Glu 




Trpl 06Cys 








Tr"">l 06Thr 
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Asp 99Giu 
Glyi02Asp 


t 


Gryl02Ser 
iipi vbvai 
Trpl 0 O'Phs 




v-.,n.a u.iah.p 


■ 




20 


























i3i,y y.-rio 








Vd.x- Vox tit 








V&l 9SPro 




Tyr.i 04 X 
GlTi.1 03Asj* 




Giiii.03ASB 








Ala 98His 




Glyl02Fro 










30 






LSiVS 9 6 Asp 








Aisi you-!.}: 




GiylOOSer 




Sej.'10iGlu 






•}■ 


l'yr.l04G.ly 






+ 




35 


vjji y X y y XT JTO 




















GlylOOSSJT 




w Ay V Avs 4, J i 










* 




# 


GiylOOAsp 








Val 95£Siu 




Ala 9 8 Gin 




SerlOlGlu 




fyrl04Asn 




Leu B&Val 




SerlOlAsp 








g;. -t:; o:ihsn 


45 


Glvi02Glo 




Tr-vM 06Gly 








Ala 98Gln 




Gly;l OOAsp 




GlvlOOGln 




GXnx03Ser 




Gly 97G1U 




Tyrl04Leu 








GIyl02Ser 


SO 


Ala S8His 




SerlQlAsp 



mmsmmm 



22 



Gly 91 Asp ^ Glnl03Asn 



mBLES 
Loop 2 - Triple Mutation Varsants 



Ma muis 
Ala &8Giii 

Ala S8g»j~o 
Vai SSFro 
SfeisrlQlGiu 
I^eu 96Fro 
GlylOOGlu 
Aia M&sn 
Gly a7Bro 
SInl03Asn 
Gly S7Pro 
Ma aSGly 
Leu 96IIe 
Aia 98 Fro 
¥al SSPro 
Val SSGXn 
Leu 96Val 
Leu 96Gly 
Glv 9?As» 
GIv S7Ser 
GlniOSSer 
Ala 98G1U 
V«.l 95Gin 
Val 95Ala 
Val 95Ala 
Glyl02Gin 
Leu 96;A.sn 
GlyXOOPra 
Giy BlAsp 
Ala 98Gln 
Leu SSThr 
Vai 9SS:sr 
GlylOOGln 
Gly 97G'iu 
Leu 9&Ala 
Val 95His 
Val 

Glnfi 03Asn 
Gly 9 75 ex 
Val SSGlu 
Leu 96Gln 
Lsa 96Pro 
Gly 97Asn 



Leu 96Thr : 

SerlGlGiix 
GinlOaser 
+ Asp ©SGlu 
-s- Gly &7Giu ^ 
+ GXyl02P^ro 
+ GlylQOrro 
Glj?102Asn 
+ Glnl03Glu 
* GlylOOAsp 
+ Tyrl04Leu 
+ Ala &SGln 



SerlOlGlu 
Txpl06Cys 
Tvrl04Met 

GlyI02Fro 
GlylOOGlK 
Tl«107His 

TrplOeiyr 
Ilel07Ser 
TrplOSMet 
SerlOSAsp 
Tyrl04Cys 



GXylOSGiy * GinlS3Ser 
Gly 97 Pro * SerlOSAsp 



GiyiaOPro 
Ginl{)3Aisp 
+ SerXOlGlu 
+ SerlOlGlu • 
-f- GIv 97Glu • 
TyrlO'lSer 
GlylOOi-ro 
sSerlOfsAsp 
Tyrl04Cys 
Gly 3. 00 Pro 



Iiel07Aia 
Ilel.07Met 
TrpiO:6Fhe 
Iiel07Pro 
Trpl06Thr 
Trpl06H,ls 
Tyrl04Cys 
llel07Kis 
TrplOoPhe 
3lyl02Ser 



Gly5D2Asp ^ TyrlO^IS&r 
L-eu 96Hei-. ^ SerlOSAsp 



Trpl06Leu 
Gly 97Glu 
Glyl02Gin 
Ala 98Asn 
GlylOOPro 
GlylOOAsxi 
Len 96Asr, 
SerXOSGlu 
Tyrl04thr 
Ala 98Gln 
Gly 97Gln 
Giyi02Asi^ 
Trpj OC-i.le 
Ala 9SGJ.U 
Leu 96"ile 
Ala 9BSer ■ 
SerlOlGlu 
Ala 9BPro 



Jlu:107Gly 
X I el 0 "? Pro 

Gly 9 7 Pro 

GiyiDOGlu 
SerlDIGlu 
Gin 3 OBG.lu 
IleI07Ala 
Tyrl04GIn 
IlelO?Gltt 
Asp 93Glu 
Glyl02Pro 
GlylOOFro 

















GlylQSFro 




TrplOfiAls 


■ 






GlylOOS'Sr 


■f 


GiylO£Gll) 








iiOU S 6',rh.r 




Glyl02GXu 


4 


Xiel 07Va.i 


s 


Lsi'i y 6C-ys 




i ,s.pi sj 0 j-jjeii 




I. .J, ^ sL V f s: 1 V 




Leu &€Thr 




SerlOSGiu 


-i- 


Trpl 06Tyr 




Lil:y 9€A,l3 




GlylOQAsp 


■j- 


SeriOiAsp 




Gly 91Asn 




SerlQlGro 


-i- 


6Iy1 02 Asp 




V3I 95{3.in 


-f 


S&rlOlAsp 


4- 


GXyl02Asp 


10 


,Asp 99Glu 




GlylOOAi;p 


-f 


TrplOoPhe 




Tvrl04GXu 








Ilel07Asp 




Leu &6G1U 




Ser iOlGlu 




?rpl 06Vai 




Tyrl.04HsL 




SerlOSAsp 




Ilei07i\s» 




GXv 9 "Asp 




G.5 y1 OOasp 






15 


Vai 95Ais 


~s- 


Giy 9 7 Asp 




Asp 99GXU 



TABLES 

Loop 2 <- Quadruple f\4utation Variants 







96GXn 


7' 


GAy 97Sfer 


4- 


SerlOlGXu 




TrplDtVa^ 




Val 


9SAL5 


f 


AXa :3SGli:> 




GivlOOAsr- 


4 


Gix>103A5p 




VaX 


95Gln 


4 






TrplOSGiy 




I lei 07 Pro 




VaX 




4 


Leu 9&Gly 




GlylOOPro 




Trpl06GXy 




Ala 


&8GIn 






4 


Tyrl04Thr 




TrplQ6His 




GXy 


9?Pro 




Ala 9 8 His 


-i- 


GiylOOPro 


4 


liel 07Ast> 




Ais 


98Pro 


+ 


GlylOOGlU 




TrplOeser 




IIel07Het 






9€GXn 


4- 


GXy 37Ser 




SerlOSAsp 




UelD7v=iX 




AX. a 


9gGXy 


4. 


Ssr:; or; Asp 




Trpl06AXa 




IXel07Gin 




Val 




4 


GXy 97Ser 




Asp 99G1U 








Leu 


96Thr 




GXy 97Ser 




Aap 99G2U 


















Ala 99Pro 




Su:r;i05Glu 




VaX 


95Gly 






4 


TyrlOsAsr* 




Tx-plOoGXu 




Leu 


96Glri 




Glv 97 Ser 




TyrlO'lThr 




IXsl07Gi(j 




VaX 


9SSer 




Leu 96PXO 




GlylOOGIVi 




SerlOlA&p 




' Leu 


96Het 




GXylOOSer 




SerlGXA^^p 




TrplO&Assi 


35 




9€IXe 




AXa 98 Ser 




GXylOOPrc 




GX yX 02 Glu 




Val 


95A5;n 




AXa 98GXV 




GX:al 03Ser 




Tyr 1.04 Val 




GXy 


97Asn 




Asp 9SGXu 




GX vX027^£:n 




TrpXOtHis 




Gly 


97Ser 




GIV102ASP 




GXnX03As:p 




lXeX07His 




VaX 


95Pro 




GiylOOGXu 




Ser X(>lGXu 




TyrlO<Gly 


m 


A.la 


98 Pro 




GlylOOAsp 




Ss;>:XOXAsp 




XXel07cv3 




Leu 


96Gly 




Ser 101 Asp 




Glyl02Asp 




nelC7GXy 




Vai 


?i5His 




Tyri04A5p 




Ser 105 Asp 




Trpl 0€-A.la 




GXy 


.02 Pro 








TrpiOSAsp 








Leu 


9&GXU 




Ma &8GIn 




Glyl02A3p 




TyrlO^Pro 






















G.ly 






AXa 98GXU 




Asp 99Glu 


~ir 


GlylOOGlu 




Leu 


96Asp 


4 


Gly 97GXU 




GlylOOGlU 


■J- 


Ilel07Asn 




S^eu 


96Asn 


4- 


GlylOOAsp 


4 


SerlOlAsp 


■f- 


Glyl02Giu 




Val 


95G1V 


4 


SerlOlGlu 


4 


Gly 102 Asp 


■i- 


GlnlOSAsp 



24 



V'al 




■i- 


Leu 56G.1.U 




Gly 2 ()OG.iu 






Leu 




4 


iiiVi vwGin 


4 


box A u i/icp 




o,!.y.u.><;.be.r 




>i ; Asp 


•i- 


Gly i ui..!.;^.sp 


4 


Giy.I02Pro 


4 


llfcii V >'wiy 


Gxy 




■f 


Asp &9Glu 




GiylDOpjro 




Tyr3-04Ser 


Leu 










(.si. £3,1 tOvf J,U 






G.i.n. 










i 5. p.i u oAsri 




i. i e .1 U riX i> 














■ 


b 6; ,r 1 0 >5 Asp 


Val 






Asp 99GXu 


4 


Ser lOIGiu 


4 


Gly 102 Pro 


I:eu 


36Asn 




Asp -l^-^^'^ 


4 


Gly 1 OOAsn 




SerlOl'GXu 


Ala 


»8Asp 


! 


Asp !jSGj.u 


4 


S^r I 0 lAsp 




I.lel07PrD 


Leu 


96Tbx' 


! 


Gly 97G,lu 


! 


GlylOOGlu 




GXyl02Asp 


Vai 


95GiU 




Giyi02Asp 


-J- 


Tyrl04Ser 




IXg107GXu 


Leu 






G.l y:; 02asp 


■* 


Glnl 03>\sp 




Ser 3 05Gi\3 


Gly: 




4 


Glnl QjGIu 


4 


Seri05Giu 




Trpl06Cys 


,Asp 






Ser 1 QlGlu 




Gly.l02G.lu 




G.l.n.] 03.Rsn 


Asp 


B 9G I u 




Serl OlGlu 




Giyl02Giu 




TrplOoGXy 


Gxy>, 


02Giu 




Ginl03Asn 




Tyrl04Asp 




Ilel07T.hr 


Vai. 


9SHli> 




hej-x S6Vai 




GinlOSGiu 




21el07Gli5 




3 7 


"' 


Giyl02Ser 




G.lr-l Or>G3u 


■ 


11*1 07Glu 








Leu 96ASP 










V'al 


SSThr 


4- 


Gl.y.t02Glu 


f 


TrplO-5Tyr 




Il«;107,?v$p 


Vai 


9SG1U 


4 


Gly &7Glu 


4 


Ma 98Giy 




GXyiOOAsp 


Leu 


9Shl& 


4 


Gly 97Pro 


4 


Ala SSAsp 




SerlOlAsp 


Vai 




4 


Leu 9€hBp 


4 


Tyrl04Glu 




IielG7Ss.r 


Val 


95Pro 


4 


GlyX02G.lu 




Tyr:i04g>ro 


4- 


SerlOSAsp 


I-eu 


MMn 




GXylS2Asp 


4- 


GXnl03Asn 




SerlOSGlu 


Lsu 






Giyl02Asp 




Xyrl04AX« 


4 


SerXOSGlu 


lieu 


ms^t 




Gly 97Glii 


Glyl02©l« 


4 


SerlOSAsp 




BBThr 




Asp 


+ 


Glyl02Asp 


4 





TABLE 10 



Loop 3 - S'nvjie Uu*<t''c n Variants 
Leul^t'Aia 
Leul26Asn 

i*eul2oOvs 
Lsu 1 2 t>G i n 
i.ieui;;e?Giu 

he .:?cH ^ 
i "vi 2c 1 ic 

LeuIi;&Pro 
Leul26Ser 

GIyI2 7Asn 
C^yi27Aop 
Glyl27GIn 



Glyl27Glu 

GlyI2'?S£r 
Givl2BAsr, 

Glyl28Gln 
Giyl28GIU 
Glyi23Pro 
■•:-lyl2S.Ssr 

i 1 2 3Abp 
»rc.i23{3,ln 
ProX29elU 
?rol2S)Giy 

GiylSiAsn 
GlylSXAsp 
Gly,t31Gln 
Giyi31GIu 
Glyl. 
Giyl 
Sen 
Serl32Glu 



Mai:<3Gia 
Alal33G.lu 

AlaX33Hi£j 



~ Double Mi 

GiyX31GlB 4- Alal33Asn 

Pro:i29Asx> 4- GXvl31Gir: 

GiYl28Ser - Sftrl30GIu 

Leul26Pro * Alail33Gly 

Giyi27Asp ^ AlaI3 3G.iv 

he u 1 2 6As p P r o 1 2 9G 1 n 

Giyl31Asn -i- A.la:l.33G!.ft 

G:;yi27pro ^- Giyl31Giu 

GlviaSAsn ^ Glvl31Asp 

ProI29c3lTi 4 Serl30Glu 

eiyl28Pro SerlSO^^sp 



■26 



Glvl2SGln ^ Pro:i2?>Ser 
Giyl28:A$n Prol2&GIy 
Leul26Vai * Sex~l30Asp 
Leul 2 aval Prol29Ser 
Leul2&Cys -i- ProiaSGlxi 
Glyl27AsTJ ^ Aial33Thi 
Glyl2SPro ?rol29GXxi 
G;iyl27Ser ^- GiylSlAsp 
Leul2€His * Prol29A5p 
Glvl'Jl'Pro 4 Alavi33<3iU 
GlyI27Ser + Glyl28Ser 
Prol29Asxi + GiyaSlGlli 
Leua2€Val ?rol29A;?p 
Pi o 1 2 9Glv 4 AUvl33Asp 
LeuI26Vaj i- Serl30Giu 
f-ica2$Glu i- AXa.j35Pro 
Prci29Gly + SerlSOAsp 
L6^il26Kis 4- Giyl28Gl'a 
G" ~ - ' 1 32Gi\j 

G-L . ■ ; ■ ■ 'ier ; r.SAsp 
Giy:2 /Gxn + Froi29GIn 
GIyl2SPro + Frol29Asp 
Glyl28Asn Serl30Giu 
Le;Ul26Cys 4 Prol29Asn 
Prol29Asn ^ Serl32Siu 
Leul26Ser + Serl32Asp 
GiyX28Glu -f Glyi31Ser 
Prol29Asn -i- S®ri30Asp 
Leul26S€>3? •i- S«rl32Glu 
Bro3.29Gin + GlyiSlPro 
(3lyl27Asp + GlylSSGXtJ 
GlyaaSGln 4- Froi2SGli3 
SlyI2?Fro -s- Prol29Gly 
£^0X290115 + Alal33Girs 
Leul26Val -f GlyiaSAsp 
GiyI20S&r -5- Serl32Glu 
Leul26iAsn + Fto2.29Sly 
Xieiil26Ile Aial33Giy 
QlyllBSet + GlvI31G.ln 
Glyl27Ser SerrSOAsp 
LeiJl26Cys + Serl32A3p 
GlyI27Pro 4 Serl30Giu 
L«U 1 2 6H i s ^ Al a 1 3 3.Asp 
Giyl31Ser -i- AIaI33Giu 
Glyl3J.Pro -i- Alv=3l33G.!n 
GiyXSlAsp -f- AiaI335er 
Leiil£6Asp 4- Alal33?^sn 
Leul26Giii Prcl29Gln 
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TABLE 12 



Loop 3 ' Triple yutation Variants 
Letil26HiS 



ProI29Asn 
GXyl2SPro 

Glyi31G;lB 
GlyX28A5p 

Proi29Ser 

Lsul26Giy 
Leul26Pro 
Le«126Ser 
GIyl2SSet 
Leu.i?6Va.l. 
?rol29Giy 
Leul2 oThr 
Lftu2 26Hi53 
LGi5l2 6Cys 
Leul26Giy 

Glyl28Asp 
LeuI26Cys 
Giyi2'?Ser 

Leul2oGiu 
Leul26Met 
5er 1 30Giu 

LeuI2 6:A.:uj 
Giyl31?.sn 
Leul2&yal 
Leul.25Ser 
Prol29Gln 
Leul26Met 
I.eu:l26Cys 
Prol2SfSe-r 
Leul263er 
Glyl27Sar 
Glyl27Pro 
Leui26His 
G.lyl28Pro 
?ro3.39Ser 
Leul26Hi.s 



Giyl28Ser - 

GlylSlSer ^ 
S»roi29Asi:i - 
Serl30Gltj ^ 
Sera32aXt3 - 
Glyl31Ser ■ 
Serl32Asp - 
GlylSlOin 
Serl30Glu - 
61Vl27Gln ■ 

■ Giyl27Giu ■ 

• Prol2S^Ss.r ■ 
Serl32Glu • 
Serl32Giu - 
Ser j.30Giu 

• GlylS^fro - 

• S^»rl30Asp ■ 

• Glyl2?Ser - 

■ S6rl32Asp ■ 
Fro;i29Glr! ■ 

• Giyl31A.sn - 
Ssrl30GIu 

- ?rol23Asr: ■ 

• Gly!.3lAsp ■ 
GlY].2SAsn 

• GlyJ2"?Gln 

■ Serl32Asp 
Giyl31Gin 
Giy2 2SS&r 
Prol2SJGIy 

- Ser;i32Asp 
' Glyl31Asp 

■ Glyl27A;>n 

- SerlSOGlu 

- Giyl2"?Ser 
■■ ETol29Asn 

■>■ Prol29Gly 
f- Prol2SiGi-n 
' GIyl23Asn 

t- Prol29Glu 
i- GIyi31G.lu 
!- 6lyl28Pro 



AXal33Asn 
Glyl31Gta 
SerlSaGlu 
Serl30Giu 
J^.lal33Ser 
Alal33Gln 
Ala:j33Asn 
Aiai3 3i;\rcs 
Ai.=Ui3Gla 
Glyi3lG.in 
Giyl3n.r'j 

Seri32A>3p 
AI.3l33Asn 
Aial33Gln 
Glyl31Pro 
Alal33A5n 
AIal33PrG 
p>:ol29Ser 
A:al33Ser 
G.;y:i3:Asn 
Aisl 33niS 
A,lal33Gly 
Aisl33GXy 
S&rl3CAsp 
Aial33Gln 
3erl32Asp 
Alal33His 
Ai a 1. 3 HH is 
AIal33Gln 
Alal33Ser 
Ssrl32Glu 
AlslBSAsn 
Alal 33S;T;r 
Alal33Gln 
A.l&133His 
Ser X30Asp 
Giyl31As;p 
A.lal33Asu 
Ser!.32Glu 
Seri32Asp- 
Prol2SGin 
Alal33Asn 
Ala;i33Tar 
AIaI33Pro 
Prol29Gln 



Lfe a 3 2 6Me t". 


-i- 


Gl V"J 27A5P 




Gl.vlSSAsp 






Gi vl'ilGlu 




3u:r 132Asp 


Glyl. 31Asu 




Seri32Glu 




«'.lal33Pro 


Giyl2&Gi'0 




Pro! 2SGlii 




Alal3 3Asn 


Prol2SSer 


4- 




4- 


A.la:;33Gl.u 






Serl30Glu 




GXvl31Asp 


Fxol29Asn 




5erl30Glu 




GlvlSlAsp 


LeulS&His 


•* 


Serl30Giu 




GriyiaiGlu 




■^ 


Serl30Asp 




Giyi3IA$n 




-!- 


Prol29Asp 




Serl307^t^D 


Scxl30Asp 




G.!yl?iAsp 




Serl32Asp 


Glyl2SAsp 


4- 


SerlSOGXu 




G.lyl3AAsn 


Leul26Met 




Glyl28Glu 




SerlSOAsp 


Glyl2SAsp 
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TABie 13 



Loop 3 ~ Q uadfupje Muta tion Variants 





Leul26Ser 




PJTG 1 29?Lsri 




Ssr IBOAsp 




AX s X 3 3H i s 




l<stil2 6Het 


+ 


Prol29S6r 


r 


Serl 32Glu 




AXsl 33Asn 


20 


Gl v^l27Ssr 




GlyrSlGln 




S&r 1 32G3u 




Al 5l 33Gln 




Le{^126As^. 


4 


GIyl2 7?r.o 




Glyi28Gl« 




V'rol2'-)Gly 




Leul26Asxi 


4 


ProI29Gly 




GlyI3IAsp 




A--133Gly 




LeuX26Glv 


4 


Pro 12 -301 y 




Seri32GIr= 




A:ial3 3Pro 




Leul26Glv 




GIvl27Asp 


4 


ProI29GIy 


4 


Giyl31Pro 


25 


Givl27Asn 




Prcl23Gia 


4 


Glyl31A?.5p 


4 


AIal33Giy 




Leul26Prc- 




Glvl27Ser 


■i- 


Glyl28GIn 


4 


Ser3 30Glu 




Leui26Ala 




Gl.Yi.37Gln 




Prol25Ar:r. 


■!■ 


Serl 30G1U 




LeuI26Asn 




GiyI2?Ser 




S£-rl30Gic. 




AXaX33Thr 




Glyr.28Gln 




Pro:i29Gin 




Serl30As:p 




GXvX3a£er. 




l.,eu;i2€His 




G.lyl2SSe-r 




GlylSlSsr 




Bft.rl32A.sp 




Lr::u:i2 6G-ln 




Pro:l29Se.r 




Ser I 30 Asp 




A.lsl33H.is 




L&ul26Vai 




Glvi2SPro 




P>:ol29AS!-;. 




Ai«13 3Asp 




Le>^12 6V3 : 




Prol29Giy 




Seri30Giu 




AIaa33Thr 




Leul2 6Thr 




GlyI27Pro 


4 


Serl32Giu 


4 


Alal33Thr 




GIyi28Asp 




Prol29G.ly 


-V 


G.l.yl31Pro 


4 


Alal33Ser 




Leui26Asn 




GlYi.28Glu 


-■- 


Prol25G.l.n 


4 


G.lyX31.Pro 




Leul26Pro 




Giyi27Pi:o 




Proj 293'in: 




Siirr j 3C>Asp 




G.l.yi27Pro 


4- 


G.l.yI2SGln 




Givl31Giu 




SerX32Glu 




Leui26Ile 


4 


Gly:{27Giri 




Glvl33Asp 




Sftrl32G.U^ 




Leul2€Val 


4 


Glyl3lA&p 


4 


Sen 3 2 Asp 




Alal33Pro 




Glyl28Asp 




Prol29Asp 




Glyi3iAs?n 




Ai&I33Pro 








Glyl31Ser 


4 


Serl32Asp 


4 


Ala1.33Asp 




L.-ul2eGIn 




Givl31P£0 




S ;■:>:;! 3 2 Asp 




A,;3;i33A-p 




GIy:;27Pro 




Serl30Giu 




GlVi31Gio 




AXaX33HXs 


45 


Leu:l2eG.!n 




Prol2SR7iri 




Serl30A;vP 




GXvl31GXu 




Glvl273£r 
I:eul26Ser 




Se.rl30A5p 




Glvl31GIu 




Al?.133G.ln 




4 


Glyi27pro 




Prol29Glu 




Serl30G:U; 




Seri30Giu 


4 


G.Iyl31Giu 


4 


Serl32Glu 


4 


AiIal33Ser 






-S- 


SerlSOGIli 


4 


Glyl31A.sp 


■!■ 


S«rl32Asp 

































Sfsil 32Asp 










































4 














G) yl 28Asp 
















J. y .), J-,. o,fti»p 






-1- 














vi J. y i >J i .ir A O 








Lfi-u i <; bV5.,l 






I- 


c 1 S ~->-N 

fttsX. i -..<.■;. ^^<;^p 




■a 1 a 1 S o i-K 




p >- ^-^ T 2 9 S 55 
















■j.i^ u .3. S .1 s 
















LbuX 2 6Ai 8 


~! 


B S T i vi 0 G .1. U 




C.!<2X j. ,5 J, U 




n I I. ■! *J t T. a 












fei i i. J v^kSj p 




32^j>lu 








« a >- 1 ~* r> s. ~TN 




v.'sJ.y.l ^^.t.r 


I 


S .1, 3 w-^! Asp 








i. y I s> i r X, u 




V 1 ! 1 1 












Si.l 1 Jv).■v^^p 


4 














i■.^tTO 1 -i 'iAsn 


•J- 


^' t y | -^ -^'^^^ 








X y / \;! i- .0 








Pi"ol2^G^ u 








Giyl2SGin 


I 




4- 






A.1 a 1 33Asn 


20 






Prol23GIu 




Glyl3,lA3,r 








Leul26Het 




?rol29Glu 


-f 


GIyI3IGlu 








Giyi27Asp 




Glvl28Gln 


4 






A.l&133GIn 




L-eu'l26H.i.5: 




Prol29Gl.Y 




Glyl3lGlu 


-s- 


AI&133G1\.: 




Giyl28Giu 




PrcI29Gly 




Glyi3iAsp 


4- 


AUU3 2Asjn 


25 


Prol29Giy 




Serl30Gla 


-r 


Se£l32Asp 


+ 


AIsl33Glu 




L6ul26<Sln 








G6rri32G.iu 




Alari 33G.Ui 








Proi29A,sp 


f 


Sex-l30Glu 


4 


Serl32GXu 




Prol2SAsp 




Serl30Glu 


4- 


GIyl31Ser 


4 


Serl32Asp 



30 TABLE14 

toop 4 - Single Mumtion Vainams 
GlvTs^Asn 
GlyiS4Asp 
Glyl54Gln 
G.lYl54Giii 
Glyl54Pro 
GXyX54Ser 
Asr.lSSAsp 
Asnl55Gl5i 
AanlSSGiu 
AsnlSSSer 
GltilSSAsp 
Gl,yl57Asn 
GXyXS?Asp 
GlylS7GlB 
GlylS^GlB 
GlyI57Pro 
i31ylS;7Ser 



ThrlSSGin 
ThrlSSGlu 
ThrlSBGly 
ThrlSSPrc! 
ThrlSSSer 
Seri59Asp 
S<;rl59Glu 

Giyl 

GiyJ 60Gln 
GiylSOGiu 
Gly,l 60 Pro 
Giyi60Sei: 
Serl61?>sp 
SerlolGiu 
Ser3.62Asp 
Ser:! 62Ga.u 
Ser3 63Asp 

Thr 1 64Asn 
Thrl64A5p 
Thri64Gln 
a?hri64GIu 
Thrl64Giy 
Thrl64Bro 
Thrl64Ser 
ValX6SMa 
VaiieSAsn 
ValxeSAsp 
VallSSDys 
VaiXSSGln 
Vall65Glu 
ValieSGly 
¥ail65His 
ValieSHet 
Vall6S?ro 
Vall65Ser 
VallSSfhr 
G.l y1 66Asr; 
Gr= vl66A£.ro 
GIyI€6Gi:. 
GlyiefjGlu 
G).yi66p£G 
GiyieeSer 
TyrI67Ala 
TyrlfHAsn 
TyrlfHAsp 
Tyrl67Cys 
TyrI67Giri 
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Tvrl67His 
TYrl67Iie 

Tyrl6?Pro 
TyrX67Thr 



Loop 4 Double Mutation Variants 



feTil SSSer + Glul S 6hBp 
GlylS4Ser Tyrl€7Gln 
Glyl54Glu + VaXi6SAla 
ABTilSSGlu -s- Thrl64Fro 
{Siyi57Psro f S-srlSSABp 
01yl5:4S«r SerlSiAsp: 
Ser3SlGlu + Yall6SPro 
Gly2 54(31n Serl61Glu 
AsBlSSJ^sp + ThrlSBpro 
Thrl64A5» GiS'lSeGIn 
AsnlSSOiti -s- Tyrl67Eis 
Glul5€Asp + ThrlSeGiy 

GlylS?Gln -i S«-"o".V^p 

GlylMGlu ^ Ciylo'Z'^i 
Glul56Asp ^ T,'j 3 (' 'lie 
A.rilSr'So^ + T^a I SA'p 



GiylD4Clu ■< g: ^" r 
Gi^XS7;^sn 4 SerlbSGlj 



m 















G 1 \'\ 












> * j "^ ;v i"'^ "J r- 




'7' v. >^ iTC /i >v ^v> r-. 












t -' "^ ^ - I'^P" 

Gi bbGIU 






Tyrl€7,Aia 












a.. ;. t y 




+• 




Giyl & '/Giu 


•f 


ThrlSSAsn 






ValI65Px"o 








Thrl64Gln, 




G1.y1 bCG-ln 




-f 




Serl6:iGlu 




Tyil67Giy 
GIyl66Ser 


Seil62Asp 




Glyl5'iGlu 




Thrl58Gly 






ThrlSSSer 






Giyl60?ro 


Seri63Glu 






-J- 





TABIE16 


loop 4 


- Triple Mutation Variants 


Giyl54Gln 




AsnlSSSer 




G1U156ASP 


GlYl5.15er 




Glyl60As5p 




7vrl6'VGln 
Thr:i 64Pro 






GlylS-7Ser 


■f- 


Giyl57Asn 




SsrlSSAsp 


4- 


GlvUOSer 
¥ail6SThr 


Glul.56Asp 


■t- 


G J v:i 60Ser 




GlyJ 60 Pro 




Se^l62Glv^ 






Giyi54Se£ 




G1u1'j6As» 


4 


ThrlSSGla 






Serl62Glu 




GlyI6c:ser 


Givieoser 




V3I165G1.V 


■S- 


GUG€6Gla 


ThrI58GIn 




Serl62Asp 




Tvrl 


GlylS?Gla 




Serl62Glu 




TYr.l67Leu 


SerlC2Glu 




Thr3.64Gift 




Vail&SCvs 
G.lyl€6Glu 


G^yiS^Ser 




Vall65Met. 




Giyl5-5Ser 


-t- 






G:iyi66P>;o 


ThrlSSSsr 


i- 






••nu-I64G.ly 


GlulB6A'sp 


-f 


GIylS'?Ser 




G.l.yl60As;:n 




■5- 


AsnlSSAsp 




GXyl £63er 


c.<-ri6.HGlu 


-t- 


Vall65Thr 




Tyr 167 Pre- 


GXyX57Asp 


-i- 


Thxl&SGir. 




vail 65Ser 


Giyl57Asn 


4- 


Serl59Mp 


4 


GlyI66Ger 


GlyieOGln 




$erl63Giu 


+ 


Glyl54Asn 




AsnlSSAsp 




Glyirr/Pro 



33 





Glu I 56 Asp 


4 


ThrlSSAsn 


4- 


VaJX-SSCye 




Thrl58Asn 




Glyl€OGl« 


•t 


ThrlC-'H-ro 




Ql ylbAAsn 




GlylS'?Pro 


~^ 


Thrl5SGln 




AsnlSSQAn 


+ 


Glyl57S.«r 


•r- 


flu:l58GlB 


s 




■f- 


GIyl60Ser 




TyrI6?Vai 




AsnlSSGin 


-f- 


Gluxr>6Asp 




Thr.i64Ser 




AsnlSSSer 


-f 


Sexl62Giti 


4- 


ValiSSHet 




Gly].5-^Gln 


•t 


ThrlSBGiy 




Glyl66Asp 




Ser l63Glu 




Val i 65A.i s 




Giyl&SAsxi 


ie 




-r 


Giyl oOGll; 




Th.rl 64Gln 




Glyl57Asp 


-i- 


Thrl64Ser 




Glyl 66Frc 




Sftr 1 6 3 Asp 


■■■ 


ThrlS4Glu 




Tyrl 67Het. 






r 


Thr;i S4Asp 




Val \ SSMet. 








Giyl57Asi> 




Thi~i 64 Gin 


15 






G3yl 66Asp 




TyrJ 67Gia 




Serl6IAsp 


-r 


Serl62Glu 


* 


Tyrl 67His 




Ga yx 54Asr:. 




$«~rl59Giu 




Serl S2Giu 




SC:>;l!?SAip 


•r 


Seri62Giu 


-5- 


Vgl loSGys 




Serl ^9G lu 


■f 


Giyl50S6£ 


r 


Seti&lAsp 


20 


Tftr LsBAsp 






t 


Serl 6?G]\5 




SerloiGia 


* 


SerI£3Asp 




Thrl54Ser 




Ser.l.61Gi5i 




Serl 63Siu 








Asn:i.5r<Glu 




G.lul561isp 




Thrl5SGiu 




G.ly;i5?G3.u 


-i- 


Thrl€4G.lu 


•J- 


Vs.U65Gly 


2$ 


SerlSlAsp 




S<srl63G,l.u 


-J- 


Thri.64Glu 




Giyl57Giu 




Thrl58Gln 




S«;rl53Gli,i 




G.lylS7Giu 




Serl59A^:p 




TyrI&7Cys 




GlylS7>\sp 




Serl 63G}u 




ThrTi 64Glu 








Se£l63Asp 


4 


Thrl64Gly 


30 


Serl59Asp 


+ 


Serl63Asp 


4 


ThrI64As,n 




ThrlSSAsp 


-i 


SerieiAsp 


4 


Serl€3Glu 




Thrl58Glu 




Serl62Asp 


4 


Thr 1 64ASV. 




ThrlSBGia 


-J- 


SerIS2Asp 








Siyl57Ssr 


-J- 


ThrlSSAsp 


4 


Syrl62Glu 


35 






Serl63Glu 


4 










SerX63Asp 




Tyrl67Gly 








GlyX66GXu 


+ 


TyrX67ixe 




AsnlSSGlu 




Glyl57Pro 4 


ThrI64Asp 



^ m lABLiJI 

Loop 4 - Ouadrupse ^lutation Va 

"""siTf5?>GUr""r""Ti^^^^^^^ 4 Vall6&Thr 4 Glyi6&?.rc.'" 

Asn:i55Sn:r Glyl57Pro 4 VallSSSer 4 G.l.yl66Glu 

Gavl^V7Ac:n + Val;i6£Pro 4 Glyl66Glu 4 Tyri67V,hl 

45 ThrlSaSei Giyl60Gin 4 v&116?Ha.3 4 Giyl6tAsp 

Glyli-iSer i- QlylblVro -t Serl63GIu * Thil&4S*:r 

GiyI57Glyi 4 GiVlSOAsp ^ thrX64Ser t VallSSAsrs 

Giyl5?Asn 4 GlylSOAsp 4 ValiSSCys 4 Tyrl67Leu 

Gllil5€Asp 4 ThrlSSSer 4 Vall65Asn 4 G.lyl66Pro 
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GluiStAsp 




ThrlSSPro 


4 


Thi" 1 6 'J Gin 


4 


V' .D.1 .i i;SPro 








GiuI56Asp 


4 


Tiiri 64Giy 


4 






Th;::l SSGly 




GiyloOSer 


4 


Ser l65Asp 








Ser ;i S&Asp 




Giyl6G61n 


4 


Giyl66Se,5r 




l yr I b i i'.ro 
Giyl6t-Asp 


s 


GXyl5«Pro 




Thri64G.lii 




Yali&SGiy 






G"i yl bA?isn 




Glyl60Pro 




Se.rl 61 G.5 u 




Gi yl 6tPj;G 




,AS;': 1 SSSer 




Glyl 5?Asn. 




Th.t 1 64 Gin 




" ^ ! \ i 't'?^"* 




GlylS7A6ri 


* 


'Thr 1 SSASii 


4 


Ser 1 £3Glu 


4 


Vaj. i fcbGxj'i 




Glvi60Glu 


* 


Ser X61A?p 






4 


Tyr 1 67Pro 


10 


Asnl 5 sGlu 




Glul56Asp 






4 






Asn] SSAsp 


■■■ 


CiiulSSAsp 








Glyl'T-fsAsT^ 




Ai-ni55Asp 


! 


GluI56Asp 




GI yl 60S «r 




TiSrio^Asvi 




G.i yl b-'lSex. 




Thrl58Gl.n 


-1- 


S>5rl 6SG.lv5 




S-srlSSGlu 




Gl yl 54hsn 








i5u:r u.o„-!Gu.u 






IS 


Giul5»A~;p 




G.ly.s. ~) /Giu 






4 


inr aO'^v^ay 




GIul 56Asp 


+ 


Gx yl 57Glu 




Thr bSber 








i y i S 'i Pi o 


4 








T 






fdj. y Ser 


•t 






T h 3- "'^^ 8 G U 


T 






Gly I f; 7 o 




G i y i 6uPrQ 


4 


Gi yl o L'Asci 






20 


Glyi54AS:'; 




Sor 1 4:t IGl U 


4 










GlylS'sAsp 




hsVi i 55,?\5p 




" hri o4Gi.n 






Glyl54Gln 




S€rl59Gla 


4 


GIyit>0Gi\3 




Ser 161 Asp 








Se-rl 5?>A,~:r: 




Gl yl fiOAsp 




5 & r 1 6 3 Asp 






+ 


GluI56Asp 


4 


Glyl57A$p 


4 


ThrlSSGlu 


0 


Glyl?"?Asr: 








SerlfilGlu 




S©ri62Giu 




Giyi54A$n 


■f 




+ 


Glyl57GIu 


■'■ 


'rhrl64G.Iu 




Glyi57Giri 




6Xyi60Asp 


4 


Serl62Asp 


4 


Val;lS5Thr 










4 


Thr 1 64 Asn 


4 


Gly2.66Gin 




Sly 154 Asp 




AsnlSS-Ser 


4 


GIuISqASP 




1'ferl64Ser 


30 


G3-y;!.54Asp 




GiulSSAsp 


4 


Giyl5?Giu 




ThrlS8Gly 




SerlSSSlu 








Ssrl59Asp 
GIyl66S6r 




Serl61Asp 






4- 






Glyl66Pro 
VsiX6SAla 


4 
4 


Tyi:l67Ser 
<alyi66Si» 


35 






TiiriSSAsp 


t 




4 


Tyrl 6?Ala 








ThEl5$Asp 


4 


Thr 164 Asp 


+ 


Tyrl 6'?Vai 
Glyl65iGlu 




Seri 63Gia 






4 


ValloSHet 


4 




Ser3.61Asp 




Serl63Asp 






4 


Tyrl S?His 
Giyl66Asn 








Seri63Giu 


4 


Thr 1 6401 n 




4Q 








4 


Serl6XAsp 




Ssrl63Gl-a 




GlylS4PJ:o 




GlulS6Asp 


4- 


$erl63Asp 




Thr 16=1 Gill 






+ 


GltilS6Asp 
Serl 5 9Asp 


4- 

4- 


Thrl 5SASP 
Thrie^AsD 


4 
4 


VaiieSAla 




ThrlSSGln 




5s?rI59A3p 




Sftr:63Giu 


4 


Val ie;>cys 


m 


G.Iyl54Gin 




Serl59P.sp 




5erl63A5p 




G1v166P>:g 




As.D;i55Ser 


■i- 


Glvl60Asp 


4 


Seri62GIu 




ThrI64Asp 








Glyl60Asp 


->■ 


Ssr :62Giu 




Thrl64Glu 




GUjl56Asp 




Giyx60Pro 


4- 


¥aIi65Prc 




Glyl66Glu 






■f 


Serl63Asp 


+ Thrl64Gly 


4 


Tyrl67Leu 
Glyl66Gln 


m 


<3iyl60Giu 




Serl63Gl« 


4- 


Thrl 64 Pro 


4 



3S: 



fhrlSSPro * Serl63Glu fhrl64Asp 



Mutation Vananis 



Mal87Glu 

Mai87His 
AlalSTPro 
Alal87Ser 
AXaX87Thr 
Serl88Asp 
SerlSSGiu 



PhelSSMet 
PhelSSPro 

SerI5K)GIu 
S«rl91Asp 
serlSlGiu 



TABLE 19 

6- 



187ASP ^ Phel89GXn 

Alal87Ser ^ Ssrl88AKp 

Serl88Glu Phel89Pro 

Aial8?Asn -i- S^rlSlGIu 

Aial8?Gin + SerlSlAsp 

Alal8?Giis ?hel89Pro 

Mal87Pro * Phea89Asp 
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SerI88Asp 




Phel89Cys 




Phe.l S9H.is 




Ser 191 Asp 






4- 


Phel89Ala 




AisI87Hi.s 




SerlS&Asp 


$ 


AlalS7Asn 




Serl 8SGiiJ 








Phel 89G'.i n 




Al&l 87Asp 




?heX89Ser 




Serl 88Asp 


-5- 


Fhel ^sSVai 




Ala 1 S7Sin 




SeriSSGiu 


10 


Ala 1 &7Ser 








AiaiB?Pro 


•J- 


S<irl 9 1 As p 




Seri88Glu 




Fhel69Val 




Phel SSSer 




ber.i.i^iGlu 




Aial87Gly 




Ser 19lGro 


iS 


A.iai8 ?A5n 


4 


Serl91Asp 




Aic,aS7Th4r 


•i- 


Ser l9].A5n 




Alal87His 




SeilS8Giu 




S-sr; 88G.1U 


■t- 


Phel 89G.1 y 




A}a;i8"Ser 


■i 


Pa el 8>.ilie 


20 


3exl88Gll5 




Phei 89H&t 




















AXal8:7Gln 




Serl9XGla 




Alal87Seir 


+ 


Phel89Aia 


2S 




4 


SerlSiAsp 




Serl6861u 


4 






Aiai87Pro 


4 






f>hel89Asn 


+ 


SerlSlGlu 








Serl@ia.sp 


30 


AlalSlGlu 




Fhei8SMet 




AialB?Hls 


4 


SerlSlGlu 




SerlSSAsp 


4 


PhelSSTyr 




AlaI87S31y + 






Serl68Asp 


4 




35 


Alal87<3ly 


4 


PheiSSfyr 




AlatlSlGih 


4 


PhelSSAsp 




Phel89Tyr 


4 


SerlSlGiu 




Alal8?Ser 


■f 






Alal87Thr 


+ 


Serl88Glu 


40 


Alal8?Asa 


4 


Se£l8SAsp 




AlalS7GIy 4 






AlaI87Giy 


4 






;Phel89Cys 


4 






J!s:3.al87Asp 


■f- 




45 


Ssrl88Asp 








S&rl86Asp 


4 


PhelSSGly 




AIal87Asn 


4 


PhelS9A.cp 




Aial87Pro 


■4- 


Serl91Giu 






4 


Serl91Asp 


SO 


Al&lS7?hr 




SerlBSAsp 



wommmm 



FhelSSMa SerlSlGiu 



TABLE 20 



loop 5 - Tripfe Mutation Variants 



s, 




4 


Fhe;i89Cys 




S«rl92Giu 






+ 


PheiB9Tyr 


4 


Ser,l9.lG.'i'vi 




A,la3 87Ser 


}■ 


SerlSSGlu 


4 


Pnyl89Ser 




Alal.S7Gln 


-!■ 


PhsiSBAsn 


4 


3erl?lGiu 




Aia:l^.7Gln 


•5- 


SerlSSAsp 


4 


Pr.~139His 


10 


Aial>)7Gln 


•i- 




4 


PhrilSBHl.S 




Al3l87Gly 


^ 


SerlS8Asp 


-r 






Mal37Gly 


4- 




■!■ 


Fhel39Cys 




Alal87Frc 


-i- 




4 


SexlSlGaii 




Ala 1 87^1:0 


•t 






SerlSlGlu 


15 


AIal87Asri 


-5- 


Seri88Asp 


-r 


Phei89Asn 




M.al87Gly 


•i- 


Serl88Glu 


■r 


F--helB9Sss' 




Alal87Gi?^ 




PVie:i89Het 


4- 










SerlSSAs^p 


4 


Phei 8 9Pro 




Al&lS7Thr 




Phel89His 


4 


Serl91A;?p 


20 






S&rX68Giu 


i~ 


Ph-sl89c:ys 




Ala.l8701n 




Phel89Vsi 


4 


Serl&lGiu 




Mal87£>ro 




PhelSSHet. 


■i- 


SerlSlGlu 










4- 


Phe:l85Hi5 




AlFilS7Ser 




PhelS&Gin 


■f 


Su:ri9:iAs:x> 


35 


Aial37GIn 


■r 


Serl8SAsp 


4 


PheloSPro 




AlaI87Gly 




SerlSSAsp 


* 


Ph^siSSGly 




Aiaie7His 




Fhei89Gln 


f 


Serl9-Glu 




Aial8?Thr 


+ 


Serl88Giu 


4 


Pl)& 18 911!? 




A.l.alS7?ro 




Fhel89GlY 


4 


Serl9IGlu 


SO 


Aial87Thr 








Serl.5;l.G.l.u 




AIalS7Ciy 




Phel89Thi 


-i- 


S<u>:19;1Gju 




Ala I 87Gin 




?heI83Leu 


■4- 


S<ixl91Giu 




A.l,3l87Thr 




Phe 2 8 9Thr 


4- 


S&rl91A;;p 




Alaie7Gln 


■i- 


S&rlSSAsp 


4- 


Phel89Mer, 


35 


?a&187Pro 




PheiSSoft.;: 




Sft.r:i91Gju 




Aiaie7Aa;p 


4 




4 


Phel89Val 




AlaI87Glu 


4 


SerlSSGiu 


4 


Fiv^>189Ser 




AlaIB7A3p 


4 


SerX88Glu 


4 


Ph&189I4et 




AlaiS7Asp 


4 


Serl88Asp 


4 


PhslSSGln 


40 


Alal8?Asp 


'^ 


Serl88GIu 


+ 


PhelSSCys 




Alsl87Asp 


+ 


Serl88GIU 




Phel89Tyr 




AIaie7Glu 


4- 


SerlBBQln 


4- 


Fneil89Tyr 




Alal87Asp 


4 


Serl88Asp 




Phei89Gly 




AIaI87Glu 


4- 


Serl88Gl\J 


4- 


Phel8SLeB 


45 


AlalS?Asp 




3&rlS8Glu 


4 


PhelS&Ser 




Alal8?Glu 




S®irlS8Asp 


■4 


PhelS9Giy 




Alal87Asp 


-s- 


Serl88Asp 


4 


Phei8$Pro 




Alal87Asp 


4 


SerlSSGita 


4 


Phel89His 




AXaa87<3lti 


•i- 


Sen 88G.IU 




Phsl89Thr 



38 

















P' l al S'?S1 u 








p ^ 5^ 






■r 










Ala lis /bly 








Pri<2 189Glu 
















Alal 87 Pro 


4 


SerlSSGlu 


t 










Serl^SGIu 


■ir 


FhoiSSGlu 




AlalS7Giu 








?hel89?vsp 




Ai.al87Asp 




Serl SSG-lu 




Pheia9?vs» 


10 


Al3l87Glu 




SerlSSGlu 




Phe X 8 9G lu 




Al3l87Glv 




Phel89Glu 




Seri91Ai>p 




Al&Ift7GIy 




?hel89Glu 




SerlSlGlu 




AlaI87Tnr 




PbelSSG.Iu 








SerlSSGlu 




PhelSSGlu 






IS 




4- 


PhelSSGiu 




Serl91Asp 



TA81E 21 



Loop S ~ Quadrup>ie Mutation Variants 









Serl88Glu 


4 


Phel89Asp 


4- 


Ssrl9lAsp 


w 


Alal S7 Pro 


■r 


SerlSSGlu 


•f- 


Phe;;8§Glu 


4 


SerlSIGlu 




Aiai87Hi5 




Serl88Glu 


4- 


Phel89Asp 


4 


Serl91GIu 




Alal87Glv 




SsrlSaAsp 




Phel89Asp 


4 


Serl91Glu 




Ala:; 8 7H is 




S-ir:i8BGiu 




FhalBSGlu 


4 


SerlSlAsp 








5er 1 8SA£'p 




Phfel89A5D 


■J- 


Serl-SiGlu 




AlalS/Asr. 


4 


Serl88Glu 




Phsl8 9GIu 




Serl91Giu 




Alaie7pro 


4 


Serl88Asp 




Phw].S9Gii;! 




Serl9IGiu 




Aial87Pro 


4 


Sen S8A5P 


■t- 


PhelSPAjjp 




Serl 91 A.~p 




Alal8?Ser 




SerlBSGlu 




PhelSPA?;p 




Serl9lGil3 




AlalS7His 








Fhe289Giu 




Sen .9 i?!,8p 


30 


Aiai87Thr 




Ser i SBGiu 




Phel 89:Asp 




SarI9lAsD 




AlaI8?Asn 




SerlSSAsp 




Ph<i;189Glu 




£srl9.1Glu 




AlalS7Gln 




SerieSGlu 




Phel89Asp 




.Su:rl91Gl\j 




Aiaie7GIy 




SerI88Asp 




Phe.l 89Glu 




Ssrl91Glu 




AlalS7Giu 




Ser.i S8Asp 




PhelSS^Gly 




SerlSiAsp 


35 


Alal87Glu 




SerlS8Gi^i 




PhelSSMet 


4 


Serl91A.sp 




Aial87Asp 




Serl88Asp 


4 


Pheiesiie 


4 






AlalS7Asp 




SerlSSGlu 




PhelS9Leu 


4 


SerlSlAsp 




Alal e7 Asp 




SerlSSGlu 


4 


Phel89Thr 


4 


Ssrl9:; Asp 




Alsl87Glu 


4 


SerlSSGlu 




Phel89Leu 






40 


AlalCHGlu 


4 


SerieSAyo 




Phel89Ty!: 












SerlSSGlu 




Phe ■ 89Gln 


4 


SerlPlAsp 












PhelB9Cv\s 




Serl91Glu 












Phel85Gln 




Ser!.9iGiu 












Pnf=:183Pro 




S<i'ri9iG.lu 


4S 






Seri&SGlu 








Serl9lGlu 




Alai.87Glu 




SerieSGlu 


4 


Phe 1 8 9Cys 




Serl9IAsp 




Aial87Asp 


4- 


SarlSSAsp 




p.hel89Leu 




Serl91Asp 




Alaa87Gi.o 


i 


SerieSAsp 


4 


Phei89Iie 




Serl91Asp 




Alal87Asp 




SerieSAsp 


4 


Fhal89H.is 













S;arl88Asp 


■i- 


Phel89Hi£ 




Ser 1 91 As:p 








3i;rrl88ASp 




t?he 1 8 9Va 1 




Ser 1 91 As:p 












Phei 8yG.l y 




Ser 1 91Gi« 




.Ai&lS7Asp 




Serl 88Asp 




Ph<^18SCys 




Sor 1 & 1 Asp 


s 


Alal67Glu 








Phel 8SAsn 




Seri 9iGlu 




Ai alS 7 Asp- 




Ser 18S?>.sp 




Phel89Thr 








Ala I B7Asp 


■}• 


SerlSSAsp 








Serl 91Asp 




AialB7Asp 


4- 


Ser ISSJi.sp 








Serl9iGia 




Ala 3 87Asp 




SerlBSAsp 




Phei89VaI 




Serl 91G1\3 


io 


>\.l.sl 87GIu 




SerlSSGIu 




Phel89Aia 




Ser IS-lGlu 




A.lal87A£;p 




Ser 1 8 8 Asp 




Phel 89Ss.r 




Ser 191 Asp 




Al&l 87GIu 




SerXSSAsp 




Phel89Asn 




S!S.rl91Asp 




Alal B7Asp 


■5- 


'^^■^^ 






-5- 








-i- 








4- 


Ser 1 91 Asp 


35 


Aial 8'"'Giij. 




Seri.tvsAsp 


4- 


Phel89Sex' 


4- 


Ser l9lGlu 




Aisrs 3 7 Asp 


•(■ 


Serl88Gla 








S e r X 9 1 G I u 




Alal 8 7 Asp 




Serl88Giu 




PhelSS^Aia 




Ser 191 Asp 




Alal 87Giy 




Sevri88Glu 




Phel 89Thr 


■i- 


Ssrl91Asp 




Alal 87His 


+ 


Seji:188Asp 




Phel89Met 




Sarl91Giu 








Seivl88,Asp 








cJ W X X? XjisC^p 




Aial87Ser 




Seri88Giu 








Ser 191 Asp 




Ala;!.87Ser 




$era.88Asp 




Fhel89S«r 




Ser 191 Asp 




Alal87Thr 




SerieSAsp 




Phel89'ryr 




SsrlSiGiu 




Alal 87Ser 




Serl88Glu 




Phsl89Ais 




Serial Asp 


2S 






^<^rl8SGlu 




Ph-sl8 9Gly 




SftilSlAsp 








r:i8S?vsp 




Phsl S9Asr. 




SarlSiGla 




Ai«lt<7Aen 


4 


Sex-ieSAsp 




Ph« 1 8 9H is 




SerlDIGlAi 




Aiai8?6Xy 


-f 


SerlSSAsp 4 






SsrlSlGlu 




AXal87Hxs 


-f 


SerlSSAsp 






■4 


SerlSlAsp 



30 

TABLE 22 



ir-a 96Gly 




Ser204Giu 


c^in 59Ser 




>\sn 6aSft.r 


Vai 95Gln 




Asn21SAsp 


TyrlO'iCys 




Ly;~:213Glu 


GlYl27Gln 




Ala21 6 Pre 


SerlS8G.lu 




Gly21 5Asn 


Gly 97Gln 




1 lel07.Ala 






Tyr217Thr 


Asp oOGIVi 




Glr.20eA3n 


Thrl58Asp 




Gln2D6S«r 


?ro2.iOGlr, 




Gly.?15Asn 


Tyr 10<'3Gl\! 






Ty rl 67 Pro 






Iiel07X,eu 




A:ialS7Asp 


Gly BlGliX 




Thri64Pro 


fhr 66Pro 


■*■ 


Vsl203Cys 


Aial33Giy 




Tyr2 1 7$er 



SezlOSQln 
T'yrl&lABp 
SerI€iGlu 
Ser 63Asp 
hex) 9€Gin 
Ala ^SG-ly 

Ser 63Asp 
TkrlS-BGirs 
Leul26Glr> 

G.; y.l OOAss^ 
Gin 5S?As;p 
Glyl57Glii 
Trpl 06Pro 
:Al.£2.i6Ser 
Tiu- 66Glh 
Giyl02GIn 
Asn2l2Ser 
Gin206Ser 
Tyrl04Gii5 

Tyri04Asp 
Thr 66Pro 
Asn 61<51u 
Asp 60Gl« 
PrdX29Gltt 
Glyl60Asp 
SerlSiGiu 
Leu 96?ro 
Trpl06AsK 
SsrlOlAsp 
Mal3301n 

IIel07Ala 
AIal33Thr 
Fhel3 3Ser 
Giy S7A,5p 
Gin 59Asn 
Pro201Sa.r 
i>er 1 62Giy 
Gly eSSer 
Lys2I3Asp 
Vaa203A.la 
Ala216Thr 
GiyUViAsn 
TyrlQ-IGlu 
Glyl27Se.r 
Trpl06Giy 



■f Alaie7'rhr 
4 Ala216Thr 
+ GinlD3Ser 
^ I>rol29Gla 
-( Tyr214Glu 

+ Lys2I3Glu 
t GIvieOAsp 
Tyr2r?Gln 
-5- Va 12 03 Ala 
■J G;y21SGlu 
-^■ Gly:;3:;G:;n 

- Tyr2l7lie 

- Giy219A.sp 
■^ Leui26Asn 
-4- Giy219Asp 

* Iiys213Asp 
-i- Lvs213Gly. 

- ArnlSSGln 

- i.<:u.i26Ser 
^ Glyl66Gln 

4 Tyrl67AXa 
+ GlaaOSAsp 

* AIa21SA&n 
+ Giyl66Asii 

* GiylQOAsp 
+ V«l203Asn 
4 Glyl27Ser 
4- VaI203AKp 
4 Gly202Ser 
4 Glvl60A(5r; 
+ Tyr21411e 
!■ Ser2C!'aAsp 
-i trplO-SF-he 
+ Giu'J.5GA;:p 
■i- Lys213Gi^i 

* Gly202Glr; 
+ Glri206Asp 
■J- Aia216Pro 
•i- Lys213As'o 



ThrlSSAsp 
S&rl32Asp 



4J 





Asn 62Ser 




Aial S7Ser 




Serl63Asp 








Pro2DiGi» 




Gly21SGlu 




GiyiOOGiB 




Tyr217*thr 




Serl 30Gli3 




Gl yi 54Asn 




,«.$p oOGaU 


•f 


Tyr214Thr 








Tyr21 7 Gin 








Glyl02Asn 








Giy2i9Asp 








■-^iyl.'. -^^'Iri 








Ai,8<-:1 feThr 








Asni55Glu 




'inr o6Ser 




Glyl57Asp 




f f?t^?''f !!'■ 


* 


Thr^J 64Gij; 


IS 


Aa d i feAcsp 


+ 






Serl30Glu 


•J 










j.y.;. .... . J 












<31y:i.00?ro 




SerliisAsp 








Ser204G.lu 








V£l2DSS<*r 




SSit lOlGlu 




ThriSSAsn 








Asn2 1 SAsp 




Val 95Gly 




Se£i61Asp 




01 y2 02 Pro 








G"Iy ■I'/.-'er 




•Jly215A.<^p 




i yr ic '.'is:-> 




Gln:.:Of>c>T-r 




Thr 6t-£ei 








Ala 2 1 €Thr 






30 


AlaSOOAsa 


+ 


Tyr217Ala 




Asp 60GlU 




Val203Pro 




Val SSThf 


* 


Tyr2X7Het 




;\fal2Q3Asn 




l,ys2X3Glu 




Gi yl Q2Asp 




Val203Sly 








Aial33Thr 




l'yrl04Ala 








Leu 96Met 


+ 


TyrS17Asp 




SerlOlAsp 




Glyl02Pro 




SerlOiAsp 




Tiir220Pro 




Val SSA^n 




Aia2l6Pro 




Ty r 1 G 4 Ask 


■I 






SlySOSAsn 




Gln206Asp 




Gin SSGlu 




Il«IO?Cys 




Thr 66G1« 




TyrlO^Pro 


45 


Val 95Met 




Asp BBQlu 




Ser204Giu 




Gly2ilPro 




Fro210Qii3 




SIy219Ser 




Leul26Pro 


of 


Ser204Glu 




Pro 12 9 Asp 




AXaSOOHis 




a;iei07Giy 




Giy215Pro 



42 

























Tyr22 '-'Val 












SfV, ^- ■! tkCJf-^ 5 -,f 




S .r cv 0 ^1 Asp 








X 1 V i V < i> a t 






4 






ts.i £i 1 V J^sa li 








fjiyl S^£?ln 








L^''^^ 1 7' 6 Pro 
















Gl vl54Glu 


I 


Tyr217Ser 






4 






Trpr06Ils 


4 


Als?1 f'Gly 


IS 






















iS, j . 1 S P O 








L^iulk >ssd• 






4 


^■'f ','';:':'':!;"^'^/^ 


20 




4 






Gin 5SAsp 


4 


Tyr2.i 4Sgr 






+ 








4 






Asn 62 Gin 




l*eu 96tep 








-^ v 












X*ey. 96Thr 


4- 








4 






Giyl3iFro 


4 


Lys21 3Giu 


30 






Asp 99GIu 




Giyl27Asn 


4 


GlylSSGXn 




Alal33A:$n 


4 


GIyl54Asn 








Csiy21Sser 




GiulS6Asp 






35 














Ais216AsTS 








A^rs <^ .1. A.sp 




A.X si 1 3 Asp 








<S si i~ "! O T » yl 


4 






c><:sri if ■S.;h,ap 


4 






GlyieOGlu 


4 


AlaSlf.Thr 




Serl€2Giu 








Ala S8Gin 


4 


Tyr2I>AKn 




Val 95Ao;p 




G:u-206A.sr: 


45 


TyrlO^Ser 








GiylOOPro 








Gly g7Asp 




Tyr217His 




Gln206Ser 


4 


GXyaxlAsn 






4- 


Serl88Asp 


§0 


A.IS 980iy 




Asp 99G111 



ThtieAhBXx ^ Phel89Cy;v 

TrplOeCys G) yl 5-7311- r 

ThrU>8Ser ^ GlyU'DSer 

5erl68Asp + Tyr2r-;--;iY 

GiyiS'?Asn -s- r'belS?>Ket 

SeiMSSAsp + Aia2i£Asn 

GlylSBAstt -^^ Giyi6GSer 

Leu22GAsn ^ M5216Ser 

Glyi27Asp 4 GIu206"Asn 

Gin 59G1U -f Leu g6His 

Setl32Asp ■^ fyr/17Aia 

(r:yU?€Ser -5- GXy219Gi\3 

S;i->.l*?3Gi^i * Val2CoMer 

Ala 98His * -Tyr^inHet. 

Ala <38Pro SorI30Asp 

GlyloOAsn Ser204SIu 

Glri206Asn ^ C.lv21C.A?r.> 

Gar*a03Ssr S&rlSDAi?^ 

Alal33Gly 4 Thr220Cly 

Sen 3261 u -i- Aia2ieGln 

Asn olGlti -i- Xle3 07H1s 

L<-u:2eAia -t- G.ly,l3IGIu 

Gin206Asp + T:u-220Glv 

G.ln2G6Glu + Tyr2r/Gys 

Glyl57Ser + Pro2U)Asp- 

GlyiegGlu + Tyr214G.ln 

Seri88Glu •^ Ala216Hi& 

Thr 56Giu -s- GlylSoGin 

Giyl02Pro ^ CUyX66Gl« 

SeriSlGIti + Gly219Ser 
Asp 99Gl>i ^ hsnZlBGln 
GlylOOAsn SerlOSGlu 
?5iyl66Pro Fro2I0Asn 
Bin S9Asn + Ttorl64Ser 
Lmil26His 4- tyr2i4Ala 
Thr 66Pro -i- Lys213Asp 
TrplO€His + Giy21iSer 
TyrX67Leu -f Ser204GIu 
Vai 95Thr ^ Alal33Gly 
nei07Ser Glti206Giu 
PhelSSTyr + I*ys2i3Asp 
Gly 65Asn + AsuSiSAsp 
Xyrl6?Vai + Lys213Glu 
GXy 97Gin + SerI32GIu 
Asp 99Giu -s- <3IyX02Pro 
LeuXaeCys -s- Ala216A5p 
LeuX26Cys + GIyl27Sei: 
SerX93Asp + MaaxSAsn 



44 





G-lyJ OOG:r. 




!.^iyj.b'iAsp 




Atn 61 Asp 




6.1 V- llSs-r 




Seric'lAsp 








X * !i'20SCilri 






s 


As5i 62 Gin 




lyri 0. ' Leu 
















Tyr?.l~'S-".r 








Ser 1 t.l'As-p 




Asii 61 Asp 




Glyl2BSei 


10 


Asnl SSGlu 




G 1 y2 1 5G 1 n 




AsiilSSGln 




Sex2&4AS:"..' 








ir,.::.^2uui:\ 




-Lys?. 1 3Asp 




Vyr^Ol 'H: s 










15 


Ser20'3Asp 




Tyr21"-'A*a 








Val203Gly 








Alal33His 




GlyiOOAijn 


-r 


Glyl31Ser 




Giy211Gln 




I<ys71 SArp 


20 


Ala J a 7 Asp 








Aia2i6Gl\J 


4- 


Tyr217Cys 






+ 


AIa216thr 




GiyJ 31Ser 




ThrlSSAsp 




GlylOOAsn 






25 


SerlOSAsp 




GlyiSlGln 




Se £2 04 Asp 




Tyr:214Val 
Tyr21?Ile 




Tyr214Met 






Ser 63Giu 


+ 


Thr. l 64A?=r;. 




Jlei07Gys 




Al .^f' ; 6{--ro 




XrplOoGly 




Gln?06Asp 




GIyl02Asp 


+ 


Thr I 64 Pro 




Asp 




:AIa216Gin 




Lys213Glu 




Ala216:G;ln 




AlaI33Ser 


■f 


Pro210{5iu 


$S 


As^a 60iGiu 




l'yrl04Asn 




Asn 62Gin 




Xiel0?cys 




Tyrl6?Aia 




Giy211Asp 












Glyl3iPro 






40 


Lys213GIu 




Asn2ISGln 




Mi ^ ji <c,>ua^r 




VBA.ji\)3\x.S. u 




AsnlSSSer 




TyrI€7Al.a 




Asp 60G1U 




PheJ SrGiy 




Thrl64Gln 


-^ 


Gly219S<-.r 


•45 


Serl62Asp 
GlylDOGIu 


-f- 


G'n:-0^;Asn 
TyrlO-tA.-n 




GlyI60Pro 




Gin20^:Sor 




Thr eSGly 


■f 


Aia216Gly 




TyrI04lle 




GIy215Pro 


50 


Pro201Gin 




Aia21 6:Thr 



GiniO'JGlu - A.lai33Asr. 
c:«r;.63Glu - PbftlS9His. 

GXn206Asn -s- Leu209Hi$ 
Pro210Giu + Ais216Gir. 

Serl6lGlu - Gly219Asu 
VaX203Giy - Asn212Glu 
Ala 9 8 G 1 •!■ I, exi i ? 6M e t 
vai:i6.\:<Gln Ser204As:p 
GIvl54S^ir * Ai?i2i6Eis 
rrn?C>lGly Glv^J IGlu 
SerloiAap Giv219G;.n 
A".nl55G-lu -f Thr2C0A-r 

Th.rl58Ser -5- Gly2;;5Sor 
Sex- 63Glu -5- Proi29S^>r 
Val 95Asn Serlo3Glu 

Thr S6Giy 4- A,la216Pro 
GIyl57s®r ThxlSSGiva 
Ala 98Asx> * Aisl87Ser 
Asp 99G:Iu t Thrl€<!Gln 
Thr €«5Ser -5- SerlOSGiu 
Ginl03Asp * GlylS'-JE'ro 
Thr 66G.Ui TYr217Eis 
Glvl27Glii Si5i:2C4Gi.u 
FhelSSflie * Tyr2:7Thr 
Alal33GlT5 * Ly.T,2:3App 

Leul26Iie ^ Asn212Ser 

GiyiS4Asn Gin2Q6Asp 

T^r 66Pr6 Gl-al56Asp 

GlnXOSAsn 4- hys2l3hsp 

PhelSSMet + Gln206Asp 

LSUl26Asn GiylS4Gln 

FrQ210Gly + Gly2l5Glu 

hBni2€^/^l + A].a216Pro 

Gin2D6Ser + Tyr21?His 

Leu S6Asn * Lys213Asp 

Laul26Pro 4- Ala216Ser 

Val203Hls 4- Gly21iAsp 

tyri67Ala 4 Tyr2l7Asp 

T:rpX06Asn Gla2Q^Asn 

Glyl27Ser + SerlSlGlu 

Lys213G.lii f GlY219Asn 

Val SSThr 4 Thr208GIv 

Thr.l58Giy ^ Ser204Giu 

Gly 97Pro -f- Trpl06Tyr 

Pheiesxie 4- Val203Hls 



Leu 96Glri i- Lv£~13Glu 
Gin206Glu -i Al«2ieThr; 
GIyl54Se£ + AsnlSSGlu 
Serl32Asp -I- Tyr214Asn 
Frol29Gin + AlaX33Pro 
Ala 98Asri ^ Glyl2?Ai3p 
GiyillGIn -i- Ai-:i21BAsp 
Trpi06Gys ^ 3€rl(--3Asp 
Lea SCHii- -J- Al32UGly 
Giy iWAsr. * S«r204Asp 
A£.n 6U-;or ^ G.;yir>7Asp 

Thrl64Asn Ala:;COG:iy 

Leul26His Aia22 6Ser 
Glvl28GIn + Asn212A3P 
v<;erlC-2Gi.u Gin206Ser 
Gln20SGlu * Ala?!^i^er 
Thrl64Prc.- -i^ '.;hr?.^CAi-p 
VaI20 3Ser ^ Gly219Asp 
Glr.2DeAsr. + Gly213Asp 
Se;;- 63Asp -f- lielOTGln 
Gly<02G:in 4 V&l£G3Ala 
SerXOXGXu + VaI16SGln 
Gin SBSen 4- Glyl66GIu 
SerlOlGIu Tyr217Ser 
GlylBlAsR + AIalS7Glu 
GiylOSSer + l!yr2I4Gly 
ThrlSeser ^ !rhr220Gltt 
Asp SSGiu + Gly2lSGln 
¥aX 95Giy + Thr22QAsp 
AlaSOOSer * Tyr214¥al 
Serl88Giu * Aia216Asn 
Tyr3i4Has + Alaai6Asp 
Thrl&SGlu + Phel89ASB 
AsniSSGln + SerlSlAsp 
Thr 66Ser -!- LeuI26S«r 
Thr 6661y i- Gln206Asp 
SerlOSAsp -s- Tyr2HThr 
Giyl02Pro ^ ThtienGkn 
Trp3 06Gly * Fro2.iOGly 
AeraS5?^6:p + Thr220Gin 



45 TABLE 23 

Mulli-ioop Triple yutalion Variants 

Gin &9Ser ^ heu 96Gly + Ser204Giu 
Asn €2Ser t Val 95Gln t Asii2i8Asp 
Tyria4Cys + Giyi27Gln ^ Lys2X3Giu 
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Gly 9min ^ II«lC-7A:a GIylS7GU3 

Serl62GlV; -t Pro.C] CGln GAy2;;5Asn 

Thr 66P^o -^ Val203Cys ^ Tyr217Ser 

Serl05Giu Aial33Giy * E'hsl89Vsl 

Lsii 96Asn v Asn2l2Se:r ^ Tyr214Giu 

Gin 59Asp GiylSlGIn Leu209Pro 

Trpl06Pro + GlyIS7Gl-.5 -f TyrSlTIie 

T'hr €6Qln ■* Leul26.?vsn -s- S~erl88Glu 

Asri2:i2Ser Lys213Ai5p ^ GIy2I9Gln 

VaX 95Asp ^ Lfcnil2€S~r; Asr.lSSGl.n 

Asn 61G1U v Thr 6€Pro ^ Phe;I89Pro 

GlyjSOAsp -J G:;yX66Asn + AIa2I6Asxi 

Trx>:!06A;;n ^ Glvl27Ser + Vai2G3A,Kr. 

SsiiOlAsp - 2iel07Ala Gly2025er 

Alsil33Tbr t RhsIBgSer + Tyr2:4ils 

Gin 59A;.5n * Gly 97As;p ■} Trp: D6Phe 

Glyl57Pro -^^ Pro2iOGlv- + Ala2I6Glu 

GXyieOSer ^ Asr5212Ser Tyr2I7Thr 

Asn 62GIT5 4 Gln206Asn Ala2163er 

Prol29Ser GlyaiSGlii ^ Tvr217pro 

Ala 98Asn Tvr217Hls -f- Thr22DGlv 

Val203Gly -J- 6iy2UGIu * Ala2].6Asn 

GJ.y:;27Glli Ty,s2i4Asn + Ala216His 

Trx>i06Pro AIal33FrG + Gln2::uyA,SD 

Vai ySSer ^ G.yl2BGlu Tyr21?Cyc. 

SerlSSAsp t GiyI66Gla -i- Gly219Gln 

Leu 96ya.l GiulS6Asp + Giyl57Pro 

Alal33Gly Thr208Pro -i- Iyi2l.-1Pro 

TrplOeAsn GlyI2SPro ^ VaiaoSMet 

GXy SSSer 4- GlylOaAsn -f AiaiS7His 

AXa200Gln -i- Gln206Giu + Tyr217His 

GXnlOSSer -5- Glul56Asp -5- AJLa2I6Ser 

Gin 59Asn 4 Aaa2X6fb.r Gly2i9Pro 

Glvl02Ser Pro210Asp -s- Tyr217Il« 

GlylOOGlu * lielOTSer -r ThrlSSGly 

Ala 98Giu + Giyl540lTi + Pro210GXn 

Ginl03Giu 4- Leiil26Pro f Ala216His 

Lys213Giu f MaaiSHis Tyr2X7L©u 

Glyl54Glu 4- Tyrl67Tbr + fyr21?Ser 

Gly S7Ssr 4 TrplGSlle + MaaiSGXy 

GlylOSSer 4 PheX89Gly Giy219Asn 

GlyX57Fro + Giyl60Asp + Val203Cys 

Lmi 96Met. + Ala 98Gly -s- GlylOOSer 

Giyl27Asn ^ Glyl60?ro -i- Gln206Gl-u 

Leu 96Thr •^ Tyr2i7Ala 4 GlyaiSAsn 

trpl06Pae 4 Lys213Glu ^ Tyr217Thr 

Glyi02GXu 4 Giyl2?Asn * Glyl28Gin 

Aial33Asn 4 CIyl54Asn -J- Serl63.Asp 

Asrk 6|GIn Gin206Ser Ala216Asn 









Is i y.f. i. 3o5«i 


■J- 












•J- 










« A y 1 u u r o 












G,iy2 1 i.Ksri 






■ 






e%i.cX4.0 ! fits 5 1 




















T r i3 1 0 6(;.' v\~ 




Gl yl 57S6r 




Gln206Ser 








SerlSSA^p 


■J- 


Tyr217Glv 








O ^ ^V J. i> 0,<-\<^ \,t 








v^^/ 




61vl2BA-sn 




Aii52i 












Tvr??1 7X3 ?. 




Ala 




Lys2 1 3Glu 




Tvi"217Me't 






•+ 


Ser 130Asp 




G 1 y 1 60rk?^n 






.4. 


Avldl33GIv 


1 


Thr220Gly 








IlelO?Hi£? 












i. > A. fi^yB 


I 


iXitjjt^iUuiy 








Ts"f v.« '> A evy^' 


T 


Tyr214Giji 




\. ,31 ^ 




G.lyl02Pro 


! 






,i yr.j, u<! AX 6 




SorlSlGlu 




Gly219Ssr 


20 






GiylOvAsn 




AsjiiiyGin 




GiylilGiu 


4- 


Glyl66Pro 




pjroSiOAsn 




Leui26His 




Thrl.64Ser 


4 


f yr214Aia 




Tht 66Fro 


+ 


Gly211Ser 




Lys213Asp 




Trpl06Hxs 




Tyzl 6? Leu 


* 


Ser2G4Giu 










* 










GXyl 02Fjro 












Setrl Sli'^sp 












GXylS4Asp 




CjiAyjsxiisS^jr 




Asn 62GXri. 




















Tyr2i7sej: 












AfirxooGrXn 












¥al2S3Gly 








Gly2XlGln 




Lys213Asp 












Aia2X6Thr 


S$ 


Gl yiOOAsn 


* 


SerlOSilsp 


* 










u J, y J. o y vs A li 








A .J. K .3. V f y ^> 
















Gin2D6Asp 




O .i. on i> 












?vla2i6'Glri 








i. x^x Ki * v-y & 




T^ir 1 o4Asp 




Glyl'ilPro 


I 


Leu209Pro 


+ 


Tyr217Il& 




Asnl55Ser 




Tyrl6'?Ala 




V'helSOGiv 




Asp oOGlu 


-t- 


ThrlS^Gln 


•J- 


Gly2l9S&i 




Giyl6GP£o 


-J- 


Ser204Glu 




GIn;:-06Se.r 




Thr &6G.ly 


-s- 


GlylOOAsp 




?aa216Gly 




Tyrl04ne 




Gly2lSPro 




Aia23 6rnr 




Givl27Ser 




Lys2riAsp 


•■■ 


Tyr2!7oit:r 




Serl88GIu 


■5- 


GXn20SAsn 




,beu20&Hxs 




Asn 62Ser 




GlJ>2D6Asn 


4- 


Pro2iOGlu 


m 


Ala 98Giu 




Leal26Met. 




Val203Glv 





r ^ 




e xC I. 


4 






L 




u \ G^i 








^-^ 












^ C 




'^>«*- i 




i I 


s 






I(„a '^<<^ \^ 


-.- 


1 




r \ ^ 


+ 


^tr-r? ^ ^ I, 


r 


T> ^ ) ) 
























1 ^1 1 1^ 














10 






«, ^ " \ 




i 








t \ b L 




^ l< 11 












A\ > 


























15 


i ^ 




""^5- i <: « ■! 




C I < < ( 




Civ ? 




"><. I H G 3 


4- 


% > ^ T 






4 




4 


<r ^ ^ 






-}• 


TifluCT 




u 




Liu i ^ 




>■ iCi 1 c 




i _ir 


20 


e r 




Aiai 
















Gly21IGli^ 






4 




4 






X 


■J- 


■< ? t VSU 




T 




^ r X 










11$ 














^ A 








I 0"! I 




























SerlOliSlu 










30 






















i i 










4 


'I. T 




Th? 66G''y 


+ 












TftrXe>4GXn 


4- 


Pro210^1v 






4- 




















GlylS4Gin 




TvrT 67Cy& 


+ 






Asp 60Gixs 








G^yXCa^ro 




Giyl3ISsr 






4 




# 


Glyl2SGln 




Vali6SCys 


4 






Gly 97%SB 




3:iel07Gln 


4 








4 


Glyl<^6Fro 4 


Tyr?-I4ac 




Cln 


4 














V 13fobH s 






45 


















ThrlSSSer 




















th'*' 6t>P o 






+ 


Tyr21"'Cy'- 








1 8?<5er 




Ty-21-^tic 


50 






G U >c\-r 




Ty»21 C? 



w^mmm 



so 





L« 1^.12 £Pro 


-J- 






Tyr217v,eu 




Tyrl 57 Hi s 




Gly2i9P£0 


•f 






Vtsl S5Fro 


•f 


TrpXOSIle 


4- 


Tyr2l7Giy 




Va I 5 5H i s 


■f 


Gln206Asn 


4 


L.ys?i3G".h.j 


s 


Val 9B?\la 


■t 


Alal 8?Ser 


4 


Tyr2i7Glu 




Ai^p 6GGj.U 


•i- 


A,sn 62Gln 




Tyrl 67 He 




Glyl60A,t~ri 


t 


Alal B?Gly 




Giri20&Ss:r 




Giyi02Gln 








SBrl63GXu 




ksn 62Gln 




Serl88GIu 


•S- 


l;':to2 1 OGIq 




GlylOOPro 




Giy202Gin 




Aia216Ser 








Ilej 07Thr 




Glyl31?ro 




Thr <'6Giy 




Giyl3l,A;?p 


4 


Fhei89Ser 








A.ial6 ?s<er 


■t 


Ser204Giu 




Asp 60Giu 




■Birl 64 Pro 


•J- 


Aia21 6Ser 


15 






Asri212Ser 




Tyr2r7Ser 




Ai:.a ?>:iGlu 




Gly.] SeGIr:> 




GIy21£?ro 




hsn b2Gin 




Gly:!J50Gln 




Gly2l9S«*r 




Ser lOSGIu 




Tyr;i67A.l3 








Giy looser 




A?jJ:sl55Ser 






20 


Giy 9?Pro 




Leal26Aia 




Gl yl B7Gln 




GlylOOSer 




Giyi31Gin 




PhelBSGlu 




Ser 1 32?vsp 


4- 


Aiisl 87?ro 




Gin2v6A3n 




Glxi 59Asp 




Gln206Asn 




?yr2;;'?Il6 




G,lni03Asn 


+ 


Il<»107AsVi 




Aiai33Ser 




Giy ISSG.ln 


■J- 


Prolv'rSAsn 




Als21 CAsp 




Thr 66Giu 




TrpiOSAia 




Als;; 87,Ssr 




Asp SOGlu 




Giy 65Asn 




Tyi2i4Ser 








Si y 1571^11 




Ala21SSer 








I leSOSthr 




Gln2 06Ser 


m 


Gin 5S?isn 




Sly 6SPro 




Val 95Asp 




¥al 9SSer 




61yl02Ser 




s2 1 3Asp 




Ala2 I 6Fro 




Tyr217Pro 




Asn218Ser 




Ser 63&sp 


* 


GiyX27Ser 




Th3:220A»5n 








Giyl54Gin 




Aia2i6A5n 




Ala tSHis 




TrplOSVai 




Aia2i6Gln 




GlylS2A;sn 




IielO?GiB 




Seri62Asp 








Lys213Gi« 


+ 


Ala216Ser 




TyrJ.04Leu 


4- 


01n206Giu 


T 


'Th£220Asn 




Fro20X?vsn 


4- 




4 


Gly211Glr5 


4d 




+ 


IXe20SAsn 


4 


Ala216Thr 








GXn2 0 6S^x 




Gly215S©i" 




MaI33Hls 




SerlSSAsp 


+ 


Tyr217Gly 




Ala §8Glu 




GlyI31Pro 


•i- 


GiylS7Pro 




Leu 96 lie 




SerlssAsp 




Vsi;i203His 


4S 


Tvrl6?Thr 




Gin206Ser 




Tvr217His 








S«rI61Gia 




Aia216Th£ 




Gly'i2'?G.:-J 








?ro201GIy 




GiyieOSex 






■f 


AJ s?:) 6Ser 




Tyrl04Ser 




Le;iI26His 


* 


fy£214His 


so 


Asn 62Ser 




GlyieOGlu 




Ala216His 



Si 





Leu &6Cys 






f 


Ser20«A3p 




Glyl31Gln 




PhelS9Ile 


■* 


VaX203As>p 




asp 6CiGIxi 




G.ly SSG.ln 


■;- 






Glyi 02Giii 




GXyX28$er 


•f 


Aia2 i SGXn 




?s.sn 62Gln 




Val 95GXy 


4- 


GXn20oA.'3n 




Gly 9 7 Pro 




GXyl&4Asp 


r 


Asn2 ISGi n 




Tbr €6 Fro 




Leu 96Val 




Ala2X6PrQ 




Giy ;?7Asn 




AeVtlSSGlu 




Tyi^X^VaX 




Tyrl04Ala 




Tyx"16?Giu 




Ala21 6Pro 


10 


Giyl 57Asn 




Asn2 1 8Glu 




Thr220Giy 




A.1 al 3:sH.l s 




ThrX6-lGXR 


4- 


GXyX66Ser 




Leul26GXn 




Ser 1 5S*Giu 


r 


Gi yl «0,5\sp 




A,sn 6 1 Asp 




Asn 62?\.sp 




Glyl28Ser 




Thr 66Pi;o 




GiylDOGlu 




Serl 0 PGXu 


IS 


Sftr 204G.1 u 




1.1 e205G.;.n. 




Al3 2i6GXu 








AXa216Giu 




Tyr217Cys 




Ser 20-1 Asp 


-f 






Thr 2 2 DG In 






■t 


Ser204Giu 




Aia216Giu 




GlyJ026in 


* 


Ser204Giu 


■f 


Asr.2'i8Asp 


20 


Ser204Giu 




Gln206Asp 


■V 


AIa21C.Asp 




Ssr204Asp 




Gln20€GXu 


■f- 


Ai.3 2l6A£;p 




'ryr:i67A.!a 




ssr:?04Asp 




?yr217Asp 




Gly211Asp 




Lys213Glu 




Ala21SThr 




Gly211Asp 




Lys213Glv: 




?yr2:i7pro 


2S 


Tyrl€7yal 


■t 


Gly2;s lAsp 


-f 


Lys213Giu 




Asp 60Glu 


•t- 


Asn <>2A$p 


-5- 


Tyr217Leu 




Glyi60Glu 


-J- 


Serl62Glu 


■t- 


Al3 21€Thr 




Ser204Glu 




Gln2G€Asp 


4- 


Ty5:217Lu:xi 




Sar204Giti 




Gin2D€G.:u 




Ala2:6Thr 




llei07Cys 


+ 


Ser204Glu 




Gi.n2Q6G.iu 




Ser204Giu 




Gln206Glu 




Gly 2.; SAsV; 






4 


S«rl€3Asp 


-t 


Ala2;a:Hi£: 




Tb;rl 64 ?*ro 


+■■ 


Gln20BGln 




Tyr217A.sp 




Asp 6Qi£5iu 


•f 






Fro2iOAsp 


3f 


Asp 60Giu 


-^ 






Pro210GXu 








¥812030X^1 




a.sn218GXii 








01yl66GXu 


-f 


FheieSTyr 








SerI62Glu 




Gln206Ser 




Gl yXS4Asp 




VaX203Ser 


■f 


GIy2X9Asp 


m 


SerlSSGiu 




Serl9XAsp 




AIa2X6Asn 












Asp §9GXu 








Ser204GXa 




GXy2l9GXu 




Asp 99Glu 




GXyl021.sp 




Ma216GXn 




Sar20^GX\J 


■f- 


GXn206Asr> 




GXy2XSAsp 


45 


Ser20*3Asp 




GXa206Asp 




Tyr2X4Asp 




Thr 66Asp 


■f 


Gly2XlGlu 




Lys2X3Asp 




SerlOIGlu 




Leul26Giu 




'ryr2X4His 




Asn 6IG1U 




Leu 96Qln 


■J- 


Xlel07l.eu 




Asp SOGIu 




hen 96G1U 




GlyXfiePro 


m 


SerXOlGlu 




61yl27GXa 




Alal87GXn 







0? y ^ ^ A--.* 




- i - ^ V 














































S^r.l O.lAsD 




















V.S X li 0 ^i>p 














<\i < I r i 1 










I ' ^ '> s J. 






G'^y" 




^V"!;!; .''1 












w f -r~ 












I 


i.1 y S -6 .1 -i.hS £> 


4 
























<- , A p 












f 










4 


Ses (3As\^ 






^^^'^ 




Aj^n3.:>S'GIi 








} 






As K 2. r Asp 






i- ' - n OAsp 




Asn;:iCAsp 










MyC19Asp 










$erl32A£>p 



Glnie3Asp - Giyl2?Cla a? 163 In 

SerI30Asp ■< GiylSmsp LysZlZQlxx 

SlylOOAsp 4- SerlQlOxtj * Serl63Asp 

Prol29Asp 4 Seri3QAsp Tyr21?Glu 

39 Va3C;03S.sp * Ser204Giu 4 Lys213Glu 

Seri3'^AsP -^^ A.:a216GIu + Tyr2l7GXu 

SerlOlGlu Alai87Glu i- SerlSSGiu 

Ala * Asp &96iu + Ser204Asp 

Ser204Asp + Gin206Asp + Asn212A5p 

3S Glni03Asp + GIul56Asp -f- SeriSlGlu 

Seri32Asp Ser204Giu + Ala216Asp 

Aia 98Giu + Ser204Gits Aia216Giu 

S6r204Asp -i- Lys213Asp AsnJlSGlu 

S6r?Q4Giu -i- Giy2imsp 4 'vyr^llh^p 

m Scrl62Asp Oayl66Asp Ai,r2:/...>- 

Giyl23Gl« 4 GXyl66{31tJ * ^.r^lvS.u 

Asp eOGIu 4 Asn 62G1\; ba^C u-^^v 

Asr ^J^Mu 4 St?tl01Ai^p * Gl^l'4^^\. 

Glni 0 X 5 G I n? n f ] u ; , , 1 r 

-"i.:; I <C : u y 1 1 6C ! B + \ ' - v C i u 

§0 ASP <i'>i;ir. * i?8r204Ai-D 4 Gln:>06Glu 



S3 





Gly S7GX'0 




Si,Sr<-.v>5oi.u 




t\2*'>tsA,?f- 












Sisi iOSAsp 








Serl 6 3 Asp 




Gin206Asp 








Serl32Glu 


* 


AjS)i212Glu 


5 


c..-vr ■ .A-i,-!,; u 




Serl 32Glu 




GlylvOAsp 








GiyiSiGlu 




Gly23,5Giu 












Giyl66Giu 
















Asip 60G1u 




























otiX .i O ^* w J, u 
















•si yz .i jAj^p 












Asn2i2Asp 












V "J t"\ O ■•'^ "i t \ 


15 










yoi" i 9,1 Ai^p 






+ 


SeriSlGlu 




Ala216Asp 




Gin 55Glu 


•J- 


SeriSSAsp 


! 


Seri9iAsp 




Sui'iO'lGliX 




i!y&2i3Giu 


T 


GiyniyGl's.j 












GlyClSAsp 


5so 


Lcul26Asp 


A- 


Glyl66Asp 




Sex 204Aj>:p 




Thrio4Glu 


4 


Serl88Giu 




G^ n, i.'tiSf^r 




Hbp 60G1u 


•J- 


Gln20DGlu 




}...ys2i 3Asp 




Ser j OS Asp 


-i- 






"w-is- ■•roA,;r 




Asp '^^■Siu 


4- 






Serl b^S Asp! 


25 


Gin 59Glu 




AiJX^ C!^Ai,p 




AialisTGiu 




Giyl66Giu 




VaI203Asp 








AsniSSGlu 




Al a .l87Glu 




Lys2i32u5p 




Thr 66A.SP 




Ser2u4Giu 




Ly.^2 2 3Asp 




Ser 63Asp 




SerlySGiu 


•J- 


P.i^n'Zl SGlu 


30 


Ser 6 3 Asp 




SerlOSAsp 




L-ys213Asp 




SsriOSAsp 




Seri.32Glu 




GiiiiOSGiu 




Ser 6 3 Asp 




Gly 9?Asp 




AsiilSSAsp 




Ser 63Gl-a 




SerlOlAsp 




Serl05Asp 




Thrl64Glu 








Lys2 ISGlu 


35 


iseul26Glu 




Giii20€Asp 




Lys213Asp 




Glyl3lGlu 




Gln206As;p 




Lys213Asp 




Sex 63Asp 




TrpiOSAsp 




Tyr21?Giu 








Lys213Giu 




Ala21 6Giu 








Lys213Asp 




ft 1 -\ 1 £^ ri^/y^ 

Aiaz i oASp 


0 




•I 


Gln206Asp 








Lys21 3Asp 




Aia216Asri 




Tyr217Gli3 




Serl30Asp 




Maia'JAsp 




Ser204Glu 




As;p 99G1U 




Ssrl88Gli3 




AsnaiSAsp 




A$K 61 Asp 




SerlSSGlu 


+ 


Asn218Glu 


4S 


Glyi02A&p 




S^r204GXu 




Thr220Giu 




Giyl2?Asp 


+ 


Serl91GIu 


-!■ 


t.ys213Asp 




Thr 66Glt3 




Giy 97G1U 




Tyr21?Cys 




GIyl54A5p 




Aial87Glu + 


Gly215Asp 




Glvl02Asp 




GlyI54Glu 




Serl88GU3 


50 


Glnl03?^$p 




Seri3a?vsp 




Gln206Glu 



54 



Asp eOGia -i- Giul56Asp ^ Giyi60Glu 
Glra03Giu * G3yl54G.Ul t Asn2ISAsp 
Asp oOGIu 4 AsnlSSGlu -f SerL59?.sp 
5 GlnI03Glu + Serl61Glu -i- SeriSIAsD 
Ala SSAsp s- $er:i32Asp + Glyl€6GIu 
SeriaSAsp -i- $er204Agp Tyr2X4Val 



Mulii^oop Quadruple M utation Vanant$ 









Asn 62S©T 


4 


.L©U 9 6 Gly 


1" 
















•s- 


,(-\J.a<f. .1 birlo 








T 5 fS'??^'! -a. 




Gili2 0 6 Asp 












T >^^:'C Ki Ktif -5 ^ 




Giy:157Pro 






IS 






bxyi/ /foin 




GlulS6Asp 








l lXZ XOEJwJLU 




wx y z V & & s X 


t 


















Gly21SS&r 


4 








■f 




■f 


Lys213Asp 












Tirpl Q 6Asn 


4 


biyi^ /osr 


_ 










bj: yi.*svAsn 




M-"? j!CiS; n «»s 




GXy202Ser 




Al&l SSTHjt 








Tyr214He 




Ax.aZXto(ofi.U 






+ 


SsrI63Asp 






ProaoiGln 












Prc201 AsTi 




Gly21 9 Asp 








t<f*u!l 2 6G1 u 




Gl y3 27G1b 




Is 1 R ■> 5 f^Tn V 
fVisi'S' J. V i. viA, 


■ 






Thrl 64Glr5 




Al.s216?Vsp 




i y i, iiX >' V <ij. 




Gl S'"l ??^Gli) 




Thr 1 r>f>;"ln 








Asn2 12Asp 




Glvl 57Ser 
Vai 95Gin 


4 


Gln206Giu 




Tyx'217C'ys 
3erl91GIa 








■f- 


Tyrl04Iie 




-V 


Gly21.9Ser 




Gin S3Asn 


■J- 


Gly 9 7 Asn 


+ 


Glyl5';IPro 




Asn2i8Ser 


m 


PrGl2,9GlY 




Thrl.5$Asn 


-s- 


Gln206As:n 




GiviiiPro 




Ala 33His 




TroiO&His 




Gin206Asn 




Lyj^213Asp 








S&x.7iQ4Gl.xi 




G.ln206Asn 




Tvr217Thr 




Gir. 59G.1U 




AsB 62GiB 




PhelS9Leu 




v.3i203?aa 




Prol29Gln 




Glvl 5^1 Fro 


t 


?,.Uvl67Thr 




LVS213G1U 


m 


Ser 63G1U 


■*■ 


Thrl€4Asr. 


* 


Gln206Ser 


■!■ 


r\ro2iaAsa 




Leu 96Met. 


■•■ 


GlalOSAsn 


■•■ 


Ala'13:scM:>: 




3:;:;:204Gia 




Trpl06Ala 


-i- 


Glyl54Pro 




A.lai87A;vn 




Glv2i9Pro 




Asn 62G1U 


■i- 


Gi Yl02Pro 


4- 


Glvl60Asr. 




Asn218Ser 




Thr &6Giv 


4- 


GiviOOAsp 




Tyrl04II« 
Gly21.5?ro 




Ala216G;iv 


m 






Pro201GlT: 






A:ia2:i6Thr 




Lev;126Met 




VaiaOBGlv 




Asr:2a.2Glu 




Gly2X9Asn 




Leu 96Q1U 


* 


IlelG7Leu 




ThrlSeSer 




G,Iy2i;>Ser 




SerlSOAsp 




AIal33Gln 




Asr.212Ser 


•!■ 


Tvr217rnr 
Ala216Glo 




Thr 66G.l.y 


■J- 


GlylGCSer 




Lsul2CG.; V 




4S 


Ginl03Asp 


4- 


Tyr3 04Xle 




G.lv;i2&G:un 


4- 


Tyr2l7Cys 




Leul26Pro 




Ser204Asp 


4- 


Gln206Asn 


4 


Thr2C8A.sn 




Proi29Ser 


4 


Gly 157 Asn 




ThTl€4Gln 




AIa200Ser 




Giyi 2 $Gin 


•i- 


vall65cys 




GlyZllGlxx 




Lvs213Giu 




GiylSOAsp 


•i- 


6iyl66Pro 




Giy211Sar 


+ 


Tyr2X4Ue 





31 al 0 SSor 


-5- 


31 ylSgAst-s 


-i- 


Tyr2.une 


-i- 


G' v-"-- Spro 




/uui 6 1 Asp 


■4- 


TyriD4Ser 


i 




■J 


'iyrCr; 4 His 




Giy ti^jGiJi 


-5- 


Giyl31Gin 


+ 




•r 


Vai2v3Asp 




^^sij &2Gln 




Thr £-CAsp 




¥ai 96Gly 


-i- 


Gln206Asn 


§ 


Thr 6SFro 




Giy ?"'Pro 




Giyl 5^1 Asp 


f 


Ai.Bri6?ro 




Vai 




Ty,fl04Gly 


4 


Glyl2'^5ex 


4 


Gly215As;p 






+ 


Trpl06Aia 


4 


Prr-201Gln 


4 


Ala.? i ?5Gly 








V5I 9 5 Asp 


-i- 


Gj yj M^Asn 


4 






lieiO'^Gia 


4- 






Ser2D4Ai5p 




Gly21SSer 




Y^l •?~Tnr 




Gly202Gin 








Ai a2 1 6Asn 




Thr 1 5Srro 




Vain03Gl y 




liVsriBGl u 




Tyrri"Ser 




Trpl 06Pro 




/wrsi Sf-Asp 




Gln,!^065oi 




Ty:::2I4Aia 




Glyiu2AoU 




Giyl i ''Ser 


4 


T>-rl C'Alc; 


4 


Ala21 6 Aprs 




t'- ].\') GOAsn 




VaI203f hr 




rronOGiu 


4 


Asn218-Grin 


IS 


TIo \ ''"!?s:er 








AsnlSSCiu 




Aia21t>G] y 




GlniOJAsn 




Prol29Gi y 




Giyl Si^'Gln 




Th^ -^rr.Giy 




61Ssr 




Ser 63Asp 


4 


Thi- o6Gly 


4 


GiVif-C^wi 




Tvi 104Giy 


■f 


Ficl29Ser 


4 


Gln206Ser 


4 


r~ly2: ^,\-or 




^^l \') 02Prr 


-5 


Gl y ■ -sirvsp 




Asni55Soi 


4 


lyx21"?Hi^; 


® 


hsn 61Scr 






4- 


Ssr20-1A.-;p 


f 


A la.'!! coin 




ThrlSSAsn 




Aial8"'Gly 


4- 


Tyrr 1 7Ai 


t 


GlyM&As-p 




Giy SSGin 




Giy 97Pro 


4 


Serl SOGlu 


4 


Fru;2ICAsn 




Glyl2Sk«n 






4 


Fro^OISer 


4 


Tyr2i val 




Leul2gAsn 


•f 


AsnlSSGln 


4 


Gly202olr! 


■ 


Asn2,l2Ser 




Thr egSer 




TyrlO^Val 


4 


GiyK\-4G-lu 


4 


Gl y'*! --'xsi. 




Giyl02Asri 


-i 


C?lyi:'8Gjn 


•i- 


Goxl rSU^J J 




lyrJl ''Ket 




Serl32Glu 






■i- 


Thil6-1A3n 




GinnrCA^-n 




Asi^ 62Glu 




Leu 961 le 


4- 


Gr>:-1 l^f^r 




^i ^ r:l r 




Thr20SPro 


^> 


Pro210Gly 




Al.«r I -^Thx 




r :- "'Kv- 


30 


Giyl OOGJn 


4- 


Glyl60Asn 


4- 


Pro20,lGly 




A*:i^l2Asp 






4^ 


Glyl54Fro 


4 






Val2C;3Ser 




Leu 96Gln 


4 


Leul26Thr 


4 


Serl€2Giu 


4 


•Tyr2: "'Vv^I 




Giyl28Asn 


4 


AlalS7Pr{j 


4 


Pro203.Gly 








SiniOSSer 


■^ 


Glyi57Glu 


■^^ 


Thrl.SSGln 




Ald216Gin 




Leu2i26Ser 


■f 


Thrl64Glu 




¥al203Pre 




Giy211Gin 




Thrl64Giy 


+ 


¥al203Het 




AiaSl 6A;^p 


* 


Ty,r:M7Gln 






■i- 


Vai203Asn 












Giy 6SAsr3 


4 


Gln206Asp 


4 


Aia216Giy 


4 


Tyr2I''Hi?; 






4 


IisI07£ys 


4 


Tbrl64Asp 


4 


Vaa203Thr 


# 


Giyl28Giu 


4 


AsnlSSGln 


* 




4 


Giyl SOSes- 




X"* a at 
















Glyiasser 


4- 


thrlMA&ti. 




Sar204Gi'U 


4- 


Tyr2l7Gly 




Glyl2?Gln 




Olyl5?Ser 




Set 1 SSAsp 








GlylSTAsTi 


-f 








4 


GIy2i9Pro 




Thr 66Ser 




AX®l33Thr 








ThrSOSGln 




Le\i 96thr 


+ 


GlyUlAsp 


+ 


Qln20$Ksn 


■4 


Ala2a6Gly 




<Aa;n 61Ser 


•4-. 


Seri32Glu 


4 


GIy211Ser 


vj. 


Asn218Gln 




GlylOOSer 


4 


Tyrl04AIa 


4 


Ser204Asp 


4 


Gly2llGin 








Ala 58Giu 






4- 


Alal33Asn 




AsB 62Gli3 


4- 


GiyI2SGin 






4- 


Giy21SSer 





Leu 9-SiI*i> 


* 


CyXylSTSsr 








AXii2 X feSer 




Asa 61Giri 




Vai 9S'rhi: 




Glyl 60Asp 








Leo 96Cyc- 




Glyl-SSFro 












Trpl OoAia 


•r 


GiyiSlGift 




Va;1203'\j a 




Tyr2 1 4 Gin 


5 


Asn €tSer 




A.ls21 SGirs 




Tyr2l7L8u 




Giy2 A 9Asti 




Tyx~I04Gly 




SerlGSGlu 






* 


Lftu209Thr 






* 


Fiiy 1 8 9Thr 






4 


Tyr217T.h.r 




Tyrl04Ser 


■J- 


ThrlSSGly 




Thri64GIu 




Al£i216?X"0 




Gin SSAsn 


"■' 


Thr SSAsn 


■V 


Thrl 64Gly 




Al&187Pro 


16 


lieiO'VHis 




Gj. y3. S7S<jr 


•J- 


L-ys21 3G.lu 








Giyl2?Ser 




Giii206Asp 


4- 


Gly215GlJ> 




ryr2.1 / Leu 




Leul26Gi.y 




bi.yiji^.j„u 




Tyi 1 67Met 




T.hi220Giii 




Thrl SSGln 




I<y$2i3Gl.u 




Gly?H>Ser 




Tyr2]7Gly 




AsTi tlGlri 


4 


Leul2 6Giy 




Thrl64Sei 




Ai5u2 1 SAsp 


15 


A.sr; €2A5r- 


•i- 


?'roU:9Gly 




GIr,i205Ser 




Ala23 6His 




A«p 60Giu 


+ 


Val 95Gin 




Leul26Pro 




VaI203Thr 






-f- 




^• 


Phel 89A,~n 


r 


A.U216Thr 




11^1 0 7Th! 




Frol2SGln 


4 


I.ys2X3Glu 


t 


Tyr317Thr 




Tyri04His 




GlylS'lGIn 


4 


Glyl 57?isp 


4 


Tyr217Ser 


20 


Gin eSAsrs 




TrplOoCys 


4 


?au20DThr 


4 


Alii216GIn 




Thr €6G "in 




Gly 97Ser 


4 


Giyi27?»;o 




Tyr217Asp 








Ser20<1^3p 


4 


Frc210Ser 


4 


Tyr214Glv 




Asn 62Ser 


-* 


Ilel07Gly 


4 


Leul25Cys 


-i- 


Thr220G] y 




Leul26His 






4 


A3n21 8Gln 


4 


Tbr220Asr! 


W 


SerlolfiV:; 




Gi.yl57Gln 




Tyr214};'ro 


4 


Ma2.i bBis 




Asn o^Gln 




5>er 1 62Glu 


4 


VaI203Ser 


-i- 


Ala2i GThr 




Tyrl04GIri 


-5- 


TrplQ6Gly 


+ 


Leul2£Asp 




Asn212Gln 




Gin 59Ser 




Vai 9 5 Pro 


-r 


Gly202Asn 


^ 


Tyr217Ssr 








Glyl60Asp 


■r 


S«rl61Giu 


r 


GIyl66Asu 


30 






GlylSOAsp 


4- 


Tyrl6781y 


f 






AsnSl2<Slu 




Lys2i3Slu 


4- 




4 


TyE23.7Gln 






+ 


SsxlSSAsp 


4- 


GlySlSAsn 


4-: 


AXaai6Thr 




Ala SS^sp 




AiSp S9GlU 


+ 


Thrl64GXn 


4 


Aial87Ser 




Gly 97 Pro 


-f 


Giyl3lPro 


4 


GlyIS4Asp 


4 


AsnlSSAsp 


35 


Giyi02Ser 


4 


TrplOSGln 


4 


GiylS7Giu 


4 






GiylOOGln 


+ 


Ser204Glu 


4 


Tyr2l4Il6 


4 


Ala2I6Glu 




Val 95 Fro 




SS!r204Glu 


4 


Al6i216Giy 


4 


Asn21SGlii 




Ser204GlU 


•4- 


iiSjsuijGin 


4 


P3ro2iOGly 


4 


^sn2iSAsp 




Giy 37S®r 








Gln.206Asp 


4 


Giy21SA:sp 


40 


CSly 9 7 Asp 








Asp 996Xu 


+ 


Glyi54Ser 




Tht" ISSGln 






+ 


Gly21IGlu 


4 


Lys£13Gilu 
Giy219Ser 




GlyieOGlu 




Serl62Asp 
Thr €6Ser 


4 


Tyrl 67lle 


4 




Asn 6iSer 






Asnl55Giu 




G]yi57Asp 




Thrl 5SAsp 




Sex-i59Asp 




Thrl64Asp 




Gly211Asn 


45 


Val 9 5 Asp 




GlylQ2Glu 
G.1 yP; 00 Asp 




Ai a IS 7 Pro 
Thr::Of>,Hsn 




Tyr2 i.7Pro 
Tyr?,17His 




Ser2042\5p 




Gln20€.G,;u 








AI&215Hii; 




GlylS4Asn 




Se£204Glu 




Gln206Asf; 




Tvr217Thr 




Thr €SGln 




Serl30Glu 




Serl32Asp 




Thrl58S'rG 


5S 


Asp 60GXU 




Gly 65Asn 


4 


Thr 66G1U 




Tyr214Ser 



5-7 





Asp feOGlu 


"* 


G.in^ u.t Sei- 




pj;o21 OGili 


■i- 


Gly2 j.y;c:fcr 




Thr 1 53A?;p 


"> 


se r ?i c3Gl u 


"■' 


SerlSlGlu 








Se£2G«Asp 


4- 


Gly2i5Gln 


4- 


Ala2i6Gixi 




Gly21 9Ar>p 






■5- 


Alal B'/Asp- 


4 


Ph." 1 8 9G 1 ^.3 




Tyr217M«t 


s 


Gly.l28Gln 


-5- 


ProlSSAss"! 


-J- 


Var-2C;3Asp 




Ala2I6Asp 




Giy 9?Asn 


^ 


Ilel07C-in 




S€r204Glu 


4- 


Giy2I9Gl'a 




TrpIOCA-vn 


r 


GlylS;7Gin. 




S*??r204AsD 




Gly219Asp 








C-5iy.i.2SAsn 




oar j.3vis.sp 




v3ly2lt*Giri 




V'al 35S&.t 




Prol23Gly 




Asn^ SbGiv- 






io 






S*5£ 1 BSAsp 


4- 


Pn€ 1 8 9Aj.'-'2 










4 


Ser204Asp 


4 


Giri.2vO,^sp 




iyii,^-5.H.sp 




i-iiiJ! e2A;^P 


4 


-w>iy^ -J iCln 


4 


Pro 2 1 I-'Abi) 




Csiyj J. 






-i- 


i'y r i u 4 Asp 


■i- 


LeuI26Ser 




AsiiiSSGln 






4- 


Gln2D6Asp 


•S- 


LyA?21 3G ; u 




Ala21 SAsp 


1$ 






'Lys? 13 Asp 


4- 


Al a2 I 6G1u 




Tyi21?Asii 




Giyl02Gin 












.'vC;3;<:lbAsp 




Gin 59G1.U 






■r 


Giy I 02 Pro 




G,i y 1 t6Gin 




Leui2€Cy3 




GlylSVAsp 




S«r1 63Asp 




Ala23 fsHis: 




Thr 6CAsp 




G.i.ri.206Asp 


•f 


Ai.a2I6Asp 




Gly2L9Fio 


20 


KsTt. 6 2 Asp 




Sftr 63Glu 


4- 


Glyl 3iA£:j;- 




LyG2 13Gia 




Lft'Oi 26As:r 




Pj'ol 2&Asy) 




5ei"191As'p 


4- 


Gi.y2 lSR3ia 




'XVir 66Asp 




GlylOOAsn 




Val2C3Gl :.i 


t 


Lys215Giu 




Ilol 0'7Vsl 


4- 


Phei o9Asp 


4- 




Als216Gln 




Ser 6 3 Asp 




Va.l 95Ser 




Lvc 21 3Asp 


n- 


Als;i2l6Ser 


25 






Val20 3Cys 




i"'" '""^ 




Tyr23 7Asp 










■r 






£»rl32Asp 




Ssr 63Gia 


■J- 


Lsu B6Cys 


4- 


Pro2 1 DGlu 




Ala216GlU 






+ 


6iy2iSAsp 


4- 


Tyi:2i7Thi: 


4- 


A£n21SGi.u 




GiyX60S&r 




Gla206Glii 


4 


Lys22 3G I:.; 


4 


Ala? i.6Sar 


30 


Glyl31Fro 






4- 


Gin206Giu 




Lys213Giu 








Aial33Gir5 




Giu206Giu 


-J- 


Lys21 3Giu 




Ala &8His 




GlylS4Giu 




Ssr 163 Asp 




Tyr217Met 








Gin206Gi« 




GiySl J.Glu 




Lys213Asp 




L®ul26Ala 








G1b:20 6^sp 


+ 


Lys2X3Giu 


?s 






Gly 57GIu 




Val£Q3His 




GIy2I9Giu 




S-la 98Glu 




GlylG2Asp 


4- 


SerlOSGlu 




Leu209'Thr 






•f- 


:Ly:s2l3GXu 


4- 


Ala216Glii 




Asn218Glu 




SeSr204Glu 




Gln206Asn 


4- 


Pro210Glu 


4- 


GlyJlSAsp 




Giyi27A3p 




Seri32Asp 


* 


GIylS4Asp 




VaXI65GIrji 


40 


Ser €3Gl\a 




Val293His 




^sk2X2G1u 


+ 


Tyr2I?L§u 








I>ys213Giu 




Tyx"2X7Ais 




Asn2I8Giu 




Gln206Asp 
Glvl57Pro 
Gin S9Giu 




Lys213Glu 


4- 


Ala;21 6Asn 




AsnZUAsp 






SerlSSGlu 


4- 


Ser204GXu 


4- 


Als216Asp 






Thr 66Asp 


4- 


GlylOOGln 


4- 


Gly215Glu 


4$ 


Trpl06Ser 


4- 


A.lalS7Asp 


4- 


Gln2agGlu 




Tyr217Asp 




SerlSSGIu 




Asn2I2Gin 


-J- 


Gly2I5Asp 




Aia216Giu 




GlyieOAsp 




Sen 61 Asp 




Gin20eAsp 




Tyr214Asn 




Thr 66Giu 




Tyrl67Gli^ 




Gii>206Glu 




Giy211Pro 




Prol29Asa 




SerIg3Giu 




Tyr2I7Glu 




Asn2 1 8Glu 


$Q 


AsnlSSGlu 


4- 


G.Uil56Asp 




Ser204Gl\i 




Tyr214Thr 





Gin 59 Asp 




Sex-162Asp 






4 


Ala216Thr 




























r. ,«v.N '-5 ?i 

I J J. .V rt ;i p 








Sex'iOSGlu 




^ O ^7 -IK- 










s 


G 1 1 0 3 A sp 


■I- 


Serl 63G.lu 




Tbrl6<sG.Vu 








V^il 9SGi-a 




GiulSoAsr 




Giyl57As;p 




liys2 l..~!Gxu 




S&i; 1 t>2Giu 












Tyx2i /Giu 




Asp 99GiiJ 












A"Is216'X.hr 




"^^^^ 












Gj-V ;,.j>5/-^,6p 


ly 


C^'.' 








A.i.a^-: -i 'c.'G ;.u 








> '-r't't^' 




" ! ■' -'^--sp 




Glul 5 6 Asp 




-i''^-P 




ASJ^ »i-.>v;.;„a 




S £12 04 Asp 




Ala2i6Asp 




Tyr21 /lie 




S&iiQoAsp 




Ser 20-1 Asp 




Glr;2C6Ser 




Ala21 6Glu 


IS 






S6\t" 1 6 3 Asp 


! 














Glyl 5'? S^f r 


■j- 


i;er..-,L--'iii.sp 




Asn2 1 SAsp 




Gly S/Ser 




GIyl28Glii 




6 ; r;2D6G,l u 




G ?t y2 A SAsp 




'TrplOGAsp 




Val2D3Cy5 




Sci 2 GiGIu 


4 


Tyr2I7Giu 




Ser.i.O::.-G.;.u 


■4- 


Aial87Thr 




Ser20^Glu 


4 


Tyr217GIu 


20 


GiV 9 /AsT: 




Asnl SSGIu 




Serl 63Glu 


-5- 


Tyr2i4Val 




Val 95Asp; 


* 


Trpi 06Glu 




A la IS 7 Pro 


4- 


Val2D;3Asp 




Jl^'J^-^^f 




'Trpl 06Glu 




Gl,yI28Asn 




Serl62Asp 




Giyl /.Ki.iiU 




i>8rx.3 0.asp 






^ 


Aia216Gln, 








SeriOSGIu 




Glyl54Glu 




Aia21 Sthr 


25 


SerlS9Giu 




Sly21iGia 




Lya213A.sp 


■i- 


Tyr£X7GXy 












Gly21IGiu 




X*ys2,13Gli3 




Ilel07Glu 




GIy21iaiu 




Lys213Asp 




3;y£21?Gin 






-t- 




4- 


i?ro210Glu 


4 


Ala216Asn 










+ 


SerlSlAsp 




Tyr2l?Leu 


3d 




+ 


Ser 63as;p 


4- 


Ilei07Asn 


4 


Phsl8.9Glu 




Leu 96Cys 








F3ro210Asp 


t 


Lys2I3Asp 




¥ai 9SGlu 




Ala SBI^n 


+ 


GIyl02Glu 




Serl 62GiU 








Tyrl67His 




Ala2i6Gla 




Giy21SGix3 








ThrXSSAsp 




Serl91Gitj 




Asn218Ser 


35 


GiylS4Pro 




SerlSSGiu 






4 






Giyl02{5i\i 




Ser204Asp ^ 






Tyr217His 






f 


Serl63Asp 




Ser204Giu 


4 


Giri206Giu 






4 


ThJTlSSGln 




Ser204Asp 




G.Iii206Asp 




TyrI 6?Asp 


& 


S©r204GIu 






4- 


Tyr217Asxi 


m 






Alai33Gly 




Ser204Asp 




GXk206Asp 




GlyXS^Asp 




Ser204Glu 




G3.r*206Glu 


4 


Tyr'214ASJi 




Giyl02Giu 




Glyi27Gin 


4- 


ASRlSSAsp + 


Thr220Asp 

Tvr217VaX 








Serl30GIi5 




Tyrl67A$p 
Pro210A;.;p 






Asn 6?Glu 




Al3l87Giy 






Aia2ieG.l.u 


45 






Ser I OSAsp 




Ala2ieHiK 




Tyr217Bis 








Serl32Glu 




Asn212G.lu 




Al,52].6Gln 








Ser1.32G.;.u 




GiVltDAsp 


4 


Thr220Gly 








TyrJ.04Thr 




Sei;riOA3p 




5ieri32A,sp 




Gin 59Ser 




GlylSOAsp 




G.lr.5206Glu 


4 


Tyr217Asp 


SO 


Glyl27A5p 




Prol29Gl^i 




SerlSSAsp 




5Xii206Asft 



^mimmmm 





Ser.l59Asp 




Thrl 64GIu 






4 


Lyij2i3GIu 




Asn 61 Asp 




Giy 9 7 Asp 




SeriDs\.j.Iu 


t 






S;2rl59Gly. 


r 


Ser j 63Glxi 




Serk D'si'slu 




'1 yr2,; 7Ser 




Thr lS>8Asp 


■r 


Ser 1^2Glx:- 




Aj.<?.lS7Pro 




Ala2;i 6Giu 


s 


Leu 96Vai 


■f 


Thr 1 SSGiu 




S£;il62Asp 








Asp 95Glu 




Thr 1 58 Asp 




S&r'i 6 2 Asp 








Vai 95Asp 




Glyi3lAsn 


~* 


Serl63Asp 








Asn 61 Glu 




As-p 99Glii 




Ser 2 04 Asp 




Tyr2 : 7G"iy 




A;^r* 6 2 Asp 




Giyl66Ser 


t 


Ser 2 04 Asp 




Gly2X5Glu 


io 






S e r 1 Q SAsp 


t 


Tyrl 67 Ai s 




GlySllG.; u 




" 




S03:'19lGl?.; 


•* 


AI a21 SGIy 


* 


Tyr 2 i7Glvi 




Asp 60GJ.U 


■r 


Gly 9 7 Asp 




Trpl 06Asn 




Ser 1 S^GIu 




TJir 66Asp 




Leu 96Glu 




Piielfe9Giy 




Giy215Asp 




^isn o/:'..!.i.u 




Thr 66Asp 




Tyrl04r'rD 




Glyl C6Asp 


15 






AX 3 9 8 Asp 




A.^>.ri.i :>^>Asp 




SetlBSGlu 




Gi.yi.0UGll5 




Tyrl04Glu 




Ssrlv-sOGlu 




Asni S vGln 




Asp 60Gili 




Lsxil26Asn 




GXP206Giu 




.L.ysi;l.i.<isp 




Ala 98G2u 




Gl yl 54 Pro 




Gli*l 5 6 Asp 




Ser 3 S'SGly 




Gl yl/.SGin 




Aldi33Giu 




Aj,«tib ,'>oiu 




Ser 1 91?v5?p 


2& 


SerlOlGlu 




Gly 154 Asn 


•r 


Gly21 IGlu 




Tyr214Glu 




Ser J 3 2 Asp 




AsnlSSAsp 




ThrlSSGiu 




Aia2I c-Ihr 




Asn 61 Gil! 




AbhISSAkp 




AIal87Asp 




Asn?12Gln 




Glr:103Glu 


-t 


Glvl60Asn 




GlngOSGlV; 




Asn2iSGlu 




Gin 5$GlU 




GlyiOOGiu 




Thrl64Pro 




Giy211Asp 


25 


Ser 63GIu 








Glyl3iSer 


-5- 


Vsa203£»ro 




Gin 59Asp 








Tyrl04ysi 




Alal33Asp 




Ser 63G1U 




SerlOlGlu 




A.lal33Hl5 




Ala2X6Glu 




Asp SOGlu 




Val 95Ala 




Lys2 1 3Glu 




Tyr2i7Ala 




Trpl06Het 


4- 






Lys2 13Glu 




Giy2i9Gia 


30 


Ser S3Asp 




GXyi60Asp 


4- 


Lys213Asp 


t 


Ala21SHis 




Glyl02Asp + 


Glyl57ABn 


■4 


Serl62GlB 




SerlSXGlu 




Gin 59Ser 




SerlOSAsp 4 






S«srX9XAsp 




Glyl27P3ro 




Serl€2Giu 


4 




4 


Asri212Asp: 




Ser 63Asp 




SerlOSAsp 


4 


Seri32Asp 




Mei2X6His 


35 


Thr 66Gl.n 




G.i vr;28Glu 


^ 


GluX56Asp 




Ala216As|> 




Giyl2BAsp 




GivIS7Asn 








Thr220<3iu 




GluIS6Asp 






-!- 




4- 


AX s?l 6 Asn 




Akp 9SG1u 


-t 


Gl yl 5"? Pro 




Gln2Q6Asp 


-t 


X.ys2 l3GXu 








GlrxlOBAsp 




Lys213Glu 


•i- 


Tyr2i7Aia 




SlyIS4Giu 




S€ri63Glu 




P3ro210GlJi 




f yr21?Asp 








GIyiS7Asn 


4 


Sorl 63As:p 


4 






GlylS4Ser 




GiyiS?Asp 




Lys213Glvi 


■S- 


Aia216Glu 




GiyI57Ser 




ThrlS8GIu 




Lyg213Asp 




Ala2X6Asp 




SerlDJGlu 




GlyX54&ro 




Lys2i3Asp 


4- 


Ala2X6Gia 


45 


GlylOOAsp 


■i- 


Lys213Glu 


+ 


Ala216Asp 




Tyr217teu 




Abh 62Ser 


4 


Thr IS SGI u 


4 


Se3C'204Asfp 


4 


Thr220Asp 




Thr 66Asn 




Xlei07Val 


4 


Lys213Asp 


4 


Tyr21?Asp 




Glyl5?Asn 




pro201Gln 


'i- 


Lys213Gi» 


4- 


Tyr2X7Asp 




Gxyl27Glu 


4- 


Xhrl58Pro 


+ 


Alal87Asp 


4 


Ser204Gl\j 


§0 


Asp 99Glu 


-f 


Alal33Gly 


4 


SerXSSGlu 


4 


Thr220Glu 



m 





Asp SOGlu 


4- 










Asn 2 1 BGlii 




Gin $&Asp 


4- 


■^'^■"^ 




Giyl^^i.;jl.r< 




Ssr 1 32Asp 




Serl OlGIu 




Prol^..A.sp 


4 


TnriSSAsn 


"■■ 


Vsl 203Ser 




Ser €3Glu 




Seri6 3Asp 




Aia2l6Asp 


4- 


Ty5:2l7Gin 


§ 


Glyl 02&lr^ 




Gly i i^OGl.u 


■f 




1- 


Lys2I3G.lu 








Asp 09G3vi 


•f- 


G1 y? 1 SGlu 


-f 


Aen? J SGln 








A,! .31 


4 


Vai203Glu 


•f- 


Asri2;i SGln 




Glr,;i OiHAsp 




SarI32Glu 


4 


Serl62Glu 


-r 


GiVt20&Ser 




Asp 60Glu 


4 


Serl OlAsp 


4 


Thr.l64Gly 




Lys21 3Asp 


to 




~! 


Asp SSGlu 




Gl.nl 03AsR 




A.; all B7c>j'0 






-f 


Scrl59Ai5p 






■f 


Serl8&Asx> 






■f 


S«-rl63Glu 




G,ly2llGr.$ 




Ala2.; *SHls 




Asn 62G1.U 


• 


Sfsr ! 3 2 Asp 


4 


Fr.D2aOGly 




Gly21IGiu 




Glyl02Asn 


4- 


Ser 162Asp 


4 


Gin200As;> 




Gly219Asp 


iS 


Serl BBAsp 




Ser204l\sp 


-5- 


Tyr217L-::-o 


4 


Tnr220Gin 




Ser 6 3G.1U 




Glyl66GXn 


~ 


Aia216':;\r 




?i.in21SGiii 




Gin] 0 3Gj U 




Giyl31Ciu 




Xvr217rnr 




Thr22DGlu 




Asp 60Giu 




Phel8S?His 




Asr.21 2G1~J 




Ala21 6Asp 








G.1 V215G.U5 




Tyr217H'ro 


4- 


Gly2iSAsp 


20 


Glyl02Asn 




Leui26Glu 


4- 


Serl30Giu 


^- 


LysZlSAsp 




Aldi 9SA3P 


4 


GIyl6':>Giu 


* 


Pro21CAsp 


4- 


tyr2i4Gln 




Asn 62GXu 




Assil-:oSer 


4- 


Ly5213As;p 




Tyr21. 7l.su 




Asp €OGiu 




Ser] <"5 5>Giy 


•■■ 


Ly$21361u 


4 


Thr220Gln 




Asp 50GIU 




Gln206Ser 




Lys2:3Asp 


4- 


Asn21SAsp 


2^ 


Ser 63G1U 


■i- 


Giy 97Gln 


4- 


GlxaG3Aa:p 




GIn206As» 




Ser 63Gi« 




Vid 9 6 Ala 




SDr:30A;=;p 




Gln20gAsp 




Ser 6 3 Asp 


+ 


Iiel07Mi2t 




SerlSlAijp 




Glft20SAsp 






4r 


Serl30Asp 




Xiys213Glu 




l'yr2i7Glu 




Prol29AsB 




SerlSlGlu 


* 


Lys213Asp 




Tyr217Giu 


30 


GIv 97<31n 




Glyl02Asp 


-i- 










Gin Sm^n 








PhelS9Asp 




Ser20^Asp 










PhelSSGlti 




Ser20^Asp 




lieu g-SPro 


4 


SeriOSAsp 


+ 






Alal33Giy 




Tyri67His 




SeriSlCslu 






4- AsK2X8Asp 


3S 


Asn 6l(slu 


+ 


ThriS&Gin. 


■f 


Iiys213Ag;p 


4 


TytZllhsn 




Sin SSAsp 




Gi 5^15? Asp 


4. 


Gin206$er 


4 


Asn2X8Asp 




6lyX54Ser 




SerI63Slu 




SerlSSGln 




Ser204Asp 










4- 


SerlSSAsp 


+ 


S6r2D4Gl\i 




Ilel07Asp 




SeriSSAsp 




Ser 2 04 Asp 


4 


Gln206Asii 


M 


Gln206Giu 




Ala216Giy 




Tyr217Leu 


4 


Thr220Asp 




Glyl02Giu 




Leii3.S6Cys 






4 


Tyr21 4Asp 




Asn 62Giu 




GlyieOAsp 




Lys213Glu 


4 


Ala216Gly 




SerlOlAsp 




TrplO:6Met 




GIylS4Asp 




Serl62Ai5p 




Asp 6001t3 




Glyl02GUj 




Gln206Asn 




Ala21tAsp 


45 






Glr.206Ser 




Pra210Asp 




TV.i:217As;p 




P£OI29Glu 




Serl59Asp 




Gin20€GIu 




Tyr2j7Prc 








SerlS9Glu 




I.ys213A,"p 


4 


Tyr2i 7His 








Trpl06Leu 




Giyi27Glu 




Serl63Giu 




SerlOlAsp 


4- 


Alal33Gix^ 


4- 


SerI91AsD 


■J- 


Va.l203Asp 


SO 






SerlSOAsp 


4- 


Tyr217GIn 


4- 


Gly2I9Asp 



wmmmm 



wcmm&mm 





Giy 






Ser loSAep 




Glyi66Aon 


4 


5 -a- r 2 04 Asp 




lie 


1 0""-- Asp 




Gln206Ser 




Asri212GIu 


■f 


Aia216Asp 






12C-Gly 








Glyl54Asri 


}■ 


Asn21 8 Asp 




G,; n 






?=?r;{).r<Asp 




■31 y 1 SSSl n 


•i- 


Ser204A;^p 


$ 


Asn 


61 Asp 




-■?i:-i'i05Giu 


4- 


Aial87Gisi 


•t- 


Aia21 OGly 




^ex 


"l OSAsp 








LyB213Giu 




Gl y219Gl.n 




Ser 






GiylSlGin 


* 






G 1 y2 1 OAsn 




C-! 1 y 


1 51 1- TO 




Thr 1 6<1Glu 


4 


Gln206A«;n 


4- 


Lys2l3As;p 




i-'f 


9€ile 




Ser I 01 Asp 


-* 


Glri206Giu 


4 


Tyr214Aia 


10 








Lsu 96Het. 




Tyrl 67Glu 


4 


SerlBSGlu 




Ty.r 


1 04Cys 




G.ly.i SOAsp 




Iie205Pro 


•r 


Ala216Giu 




A4.p 


eOGlu 




Serl 30Asp 




?ro201Gi£'! 




Ai a2 1 6G 1. V 






1 07ASP 








G.lr;?;0*>Ac.p 




Ala2l6Thr 




Gin 






Vai 95AS1. 




Serll'lGlu 




SerieSGlu 


IS 




9 sain 




Tyrl C'4Cyp 




;.ys/13Glu 




Asa218Asp 




Asn 






GTiy ?<7Asr, 




Aid 9b3br 




Ser 3 62G.:.u 




Gin 


I03GIU 




3er 20^1 Akp 




Glr-2C>6Asn 




A.U?.l6Pro 




Sex 


lOlAsp 




Serlf<2Arp 




G"iyl^-^'^^->S'r 




Tyr2i7Thr 










Glyl;?8?i.$p 




rro210Ser 




Asu22SGiu 


30 




] '"VOGlu 




Gl y looser 




Gly; 




AIs2361hr 




Qinl03Asn 




Ssrl32Asp 




Ssrl 63Glli 




SsrlSBAsp 



TABLE 2S 

Muftj-loop Qujntupl0 Mtftatbn Variar^ts 



m 


Val 95GIn 




Tyrl04!C:ys 










+ 


Aia2I6Pro 




Asn 61Ser 




h&u S6His 




Glyl57tro 




Val203Asp 


•5- 


Aia2ieGiy 




Leu SSGln 




Glyl27Gin 




Giul5€Asp 


+ 


Tyr2i4AXa 


-5- 


Thr220Asn 




GiylOOGin 4 


Tyrl€7Cys 


* 


Serl86<3lu 


4- 


Vai203GXr* 




A1sS16Hjs 




Asn SSSer 


t 


Trpl06Glv 




Ssrl32Asp 


4 


Aial87Ser 




PhelSSSej: 


m 


Thr 66Si->r 




G.lyi?7GlJ3 
G]yi54P:.o 




Pro201Asn 




Ala216Thr 




Gly21&Asp 




Giv 07Asn 






Gln206Aj^n 




P3;o2:OGlu 




Gly211Pro 




Prcl29Gly 




Serl32Gxu 








V.-5; 165Thr 




Gln206Asn 




Giy £5Ser 




Giy 97Gin 




GlylT'i'S^r 




Ly-213Asp 




Gly219Gln 




Leu S6Met 




Gin? 0 3Asn 




Alal^iSer 




Glyli>4r--ro 




G]y219PEO 


35 


Asa 61Gin 




TrpiOCAla 




Giy211Pro 




A.'r:r!215Asp 




Giy2I9Asn 




Thi 66GIy 




Tyrl O'j lie 




Giy21IGIu 




GlyCMSPro 




Ala2ieG.ly 




Le-s,? 1 2 6 Ti e 




Ser 130 Asp 


■1 


Glvl54Ac;n 


4 


Asn212vSer 




TyrCrVThr 




Leul26Vai 




Gln206Ser 


4 


Pro2:iOGly 




Gly215G:.u 




Aia21bPro 




Leu £5 6Asn 




LeuI26F-j:o 




Lys2i3Asn 




Ala2ieser 




Tyr22 7His 


40 


Trps.Of<Asn 




Gl yl27S<>r 




G<5rl6lGIU 




Gin200AvSr. 




GIy21 9Asn 








Giyl02Gln 




IleI07Gln 




VallfcfiGlr; 




VAllOSAia 












IielO"''Ser 








Thi i biSer 




?rol2&Glu 








Glyitr^Asn 




A:,uia7Frc 




Gly202S?<r 








Tyrl 6? Thr 




SfttrlSSAsp 








GlT-2063i=-r 


45 


AsTi CI Gin 




Val 95A?:p 


■f 


GlylQ2Asn 


4 


GlVl31A.=;n 




A.l:3lS"'Asn 




Glyl-SOAsn 




vai203Tiu- 


4 


Fro210GIu 


4 


Asri21Bairi 




?hr22<vrin 




Glyl2SAsri 


-5- 


Asm 5 SGI u 




Glyl66G.ln 




Ala216Gly 




Thr220Gj.y 




Giy 65Ser 




Val 95Het 




GlylOOAsn 


+ 


GlyI31Asp 




Tyr21^Gly 




Tyrl04Giy 




Prol29Ser 




Serl63Glu 




GIn206Ser 


4 


Giy219Ser 



62 



Asn eiSer 4 Vai 95Gln I S&r204A5p •^ ProJjOGiy t Ma21€Gln 
Glv 65Glri i- Gly 97P.ro + Serl30Glu ■^ GlylS4Ser Vro2lOAsr) 
TrpiO&Ser GXyl2eAsft -J- St5rlS5XUii Pro20;;S^:r -;■ Tyr217val 
Lea $Qiet ^ Leul26Asxi + AsnlSSGln S&il8SGiu -f- Gly202Gin 
5 GiylOOGiu ^ ThrlSSGin + ThrlS^Asn + Gln206A£n * AlaSlCThr 
AsB SaGliJ * L&x-i BBl.XB ^ Giv 97Ser t G:y21l,Ser * G.ly219Ss:r 
Giyl02AsT:) f TyrK.7A.la * ProJIDGly + Ala:i6T,r\r t Tyr217^5et: 
SerlSSGlu t ThrlBSPro t FhelSSThr AUnCOOGXr: - Tyr2i4Aia 
Ma 9SPro Trpl06?ro -f Glyl6GPio + Ala2ieAsr; - Tvr217AKp 

10 GlyI27Fro AIal33Asri Thrl64Glu + GIy2::Gln Tyr214Thr 
GiylOOAsn s- TrpIOCPro i- Glyl27Ser ^ t,vs2i:iG;-c Ty>:2"i4AIa 
Gly].57As,n -f- Ser204As|> - Gln206As:n Tyi2l7val - Giv2iyrro 
Leu Seihi -i Giy221Asp ^ AIsl33Thr Gin2C6A5n t A:u;21bGlv 
GlvlOOSer * Tyrl04?xla * ri:rl64Asp GIy2::Gln Thr2:;0Ser 

0 SerlOlAsp ~- ProK^OSer ■:■ Phe3 89VaI ^ Pro20iAsn - Ala2i6Ser 
Thr 66Giy GiyX02Asn - TyjcK-sHis 4 r; I Oo'rhr t A:i®187A£n 
Thr 66Asn - GlyH)2G.b,5 * TrplOeGly G; v:^a:cr Ala216Thr 
Giy3 2SGln * GlylS^IAsn Tyrl67Gly -i- Iyx2r:-Leu Asn218Glu 
Aial33S&r t Giyl57Ser + PhelgSThr + Giy202A3n -s- Asn212Giu 

20 TyrlO^er ^ ThrlS8GIy + Thrl64Giu ^ Gin206Asn 4- A3.a216Pro 
Gin 59Asn + GinI03Asn * Thrl&4Giy -i- Alal87Pro -t Trir220Asp 
Gly S7Gln + Giyl02Asp * Giyl27Ser 4- Phel89Gln + Tyr21?Leu 
Thr 66Asn * Gin206Giti * Tyr214Xle Als216Thr -f- Tyr21?Cys 
Asp 60Gi« * Thr 6€GXy 4- Lsu 96Gly + Aia216Hxs -f Tyc217Asn 

25 2iel07Asp Glyl60Asn + Val203Fro + Giy21iPro <^ Gly219Asn 
Vai $SSer i- TrplD6Cys + VsiX65GIn 4- ProZlOGXa Tyr21?Glu 
TirplOSThr 4 ThriSSSer 4 Thrl64Pro + ser204Glxj -i- Thr220Pro 
Glyl28Pro ^ Alal87Ser + Gift20€Asn + Asii212Ser Gly21S:?Vsp 
Trpl06Gin -^ Leul26Gly -s- Thrl64Ser + Vai203Gl.tt + Asn218Asp 

30 Asp €OGlu -s- Val SSGln + l.ei3l26Pro 4 Glyl57Asn + V3l203fhr 
Gin 59Asn ^ TrpX06Cys hUZOOtht 4 Gly211Gin Aia216Glr; 
Asn 62Ssr 4- XleX07Gly + L6Ul26Cys •^ Pro2:iGGIu ^ Thr220Glv 
Asn 62Gln 4- Thr3 5SG3u 4- VaX203Ser + Giy2XSSer + A.la2;iSThr 
Git) bShsn 4 Aao 60Glu + TrDlOSPhe 4- Giyl54Gln 4- Thr208Pro 

3S Thr 66Ser + As-<:f;i:G > a ^ Vai203G = r. 4- G:.r.206Glu 4- 'ryr2X?His 
G1y128P.!:o 4 PhelSaMet ■;■ V=?-1203G.;y 4 Svir2G«GXu * Ala2i6Glu 
Gin SSSer 4- A^3n 62Ser i- 96g:;v ^ S-ar 204GX.J 4 Asn21BAsp 

Ginl03Ser + Giyi2SGln * S&r204GXu ^ Giv2:;lAsn AsnaiOGXu 
Gly 97Fro 4- Prol29Gln 4^ GiylS7Asn 4- Ser2D4?\sp ^ Asn218Glu 

m Leul26Asn ThrlSSGlr. VaXI65Het ^ Giy21IG.lij 4- Lvs213Glu 
G:iyl5?Ser 4- Ser204Glu ^ GIn20eAsp + Tvr217Cv.s 4 Th>;220GIy 
AiaI33Thr 4- Phel89Ser 4- £«>:204Asp * G.in;>06Aap 4 Tvx2i4Iie 
GlylOOGln 4 GlvJS'JAsn 4 Sv-r 204Giu t Gln2(H5Aap 4 TyrGV/Thr 
G.1 v;i27Aa;x^ + GivX2SGiu ^ Givl54Glu + GiylS7A3ri J- P.br.n<9Ser 

45 GlylOOGin f '.rrplO*iThr ^ Serl30Asp Tyr!.67Glu 4 Tvr217Tnr 
GIul;.6asp 4- ThrlS-Sf^.sp Tyrl67Gl.y Pro201Gln 4- Gly^lSS^-r 
G:Lyl?7Gln 4- Va,: 2;"' ^ A?p Ser204Asp 4- A,la216Pro 4 Giy2 1 '?A.t:p 
Leui26Giy 4- Prol2x)Glu 4- Glyl3lGlu - TyrX67Mer. 4 Th.r220GXn 
Leu 9€Ssr 4- Ssr2 30Asp 4- G.lyI66Glu t Ala216Gln f Tyr217Ile 

m AsnXSSGXu f GXyX60Asn f GXyl6SGlu 4- Tyrax7Cys + Thr220Asr3 





Asn 6 2 Asp 


4- 


Giy 97Gln 


■f- 


Trp"; 06G] y 


■f- 


Pre 2 ID Asp 


4- 


Asn2l2Glri 




Va.I 35A?.:p 




Tyrl O'lGlu 


4- 


Leui26Ser 


4 


A.snl55Gin 


4 


GIj-206Ser 




Gl yl 54Glu 




Thr ISSAsp 


4- 


Fhel8$G.Iu 


4 


Gly215Asn 


4 






IleI07Leu 




GiyI.54Asp 


■f 


GlylSlGlu 


4 


Va 12 03 His 


4 


Gly2i9Gxu 


$ 


TrplO&Iie 




Asnlv55Ser 


■i- 


S«rl59Asp 


4- 


SerlSlGia 


4- 


A.la216Trir 




Gj.lylOOAsp 




Leu1.5 6Asp 




Giyl2?Ser 


4- 


Pro3 25jGlr! 


4- 


Thr220Ser 








Gi.ti206Gla 


^ 


Tyr214Ais 


4- 


Asn 2. ISGlu 


4 


Gly2i9Ser 




Thf 66Gly 




SerlOlGiu 


r 


GlylOSAsR 


f 


LeiU26GXu 


4 


Ala216?ro 








Gi yl 02Gi u 




Tyr 104Giu 


4 


AsnlSSGiri 


4 


Val203A3 a 


io 






Ala! 87Glu 




Vai203Glu 




Glri206Asp 


■!• 


Asn218Glu 












Frol 2 3Gln 




Giy2ilGiu 


~ 


Tyr 2! 1 7Het 
















Glyl S'?Asp 




G3 yl 5GA.sp 








Vnr,i- •;>feGiy 




Gin206Asp 




Tyr 2.1 4 Asp 




Ty.f2i7Asp 




Gin byAsp 




As J: 6 2 Asp 


■f 


GlylOOGlu 




PhslS9Tyr 




Tyr21'iMet 


IS 




! 


Glyl27Glu 




Alal8?Gli'i 




Gln20€Asr. 


4- 


Jyr2l?Xle 






■r 


Ser 63Glii 


•f 


GlylfiOAsp 


-f- 


GlylSlAsn 


-f 


Ly;.>2 IGGlu 




A-'^p 6001 Li 


■!■ 


Gly 97 Asp 


4- 


Ala 98Glu 


4 


Phsl 6 S.>ii r-1 


"-■ 


Giy 2.1 ;[Glu 




Asp 60Gly 








Asp 99G.IU 




SerlOlAsp 


4- 


ValiobThr 




Glyl 02Gln 




GiylS^lGiu 




AsnlSSGlu 


■r 


SerlSlAsp 


4 


G.;n206Asp 




Asn €lSer 


■i- 


Thr 66Ser 




Leul26Glu 


■'■ 


AsnlSSGlu 


r 


Glyl57Asp 




&rol2SAsn 


-r 


Aial33Glr. 




Phel8SIle 


-f- 


Gln.206GXu 


4 


Lys213Gl« 




A-sn 6lSer 




Gin20€Asp 




.bys21JGiu 


4 


Tyr21'?Aif;; 


4 


Gly219Asn 




Gin SSAsn 




Glyl2 6A."r, 




Ala20 0Thr 


4 


Gin2C6Glu 


4 


Lys213GXu 




Phel89Gin 




Val2 03G.; y 




Gxn2U6Asp 


4 


Lys21 3Asp 


4 


Tyr2:i7Fro 




Als 3SHis 




GlylS^Glu 




Sexl £3Asp 


4 


ya.l203M<st 




Tvr2i7Met 




Leu 06M:et. 




Prol29GIy 




GlylS'iGIu 


•i- 


Serl63Gia 


4- 


Tyr217Ser 




Gly 97Fro 




Ser204Glu 


4 


Lys213Asp 


4 


Aia216Glu 


4- 


Gly219Ser 




VaiX6SSer 




Lys2l3GIu -f 


Tyr2l4Cys 


4- 


AIa21SGii3 




Tyr2I7Pro 






+ 


Ser204Giu 




Gin20eAsp 


4- 


Tyr214His 




Ala2i6Asp 


30 




4- 






Ma216GU? 




Ty:i-217Hi;-: 




Ai5n23 8Glu 




AsiilSSAsp 




OlyaiSPro 


4- 


AXa216Glu 


4 


Tyr217Ssr 




Asn2I8Glu 




GlyI60Ser 


+ 


Ser2G4GIu 


4- 


SXrs206Giw 




Lys2i:hGlo 




Ala21tS«r 




Ala 98fht 




AialB?Ser 


4 


Ser204Glt3 




GXn2G6GXu 




Lys213Asp 




<3Iyl27Pro 




Ser204Giu 


4 


Gia206Gli5 


4- 


Lys213GXu 


4- 


•Xyr2i7AXa 


35 




* 


^roi29Glu 








Ph«l 8 9a?hr 


4 Astt21SSer 




S^X" 1 0 1 Asp 


4- 


Ser204Asp 






-f AXa23.SAsin 


4 


Tyr217GXu 






4- 






Ser204GIu 


4 


Gln20t>Glu 




Tyr217GXu 






4- 


Glul56Asp 




Thrl64Agp 


4 


Ser204Glu 




Tvr214Thr 




TrpI06Fro 




GXyl27Asp 1- SsrlSQAsp 


4 


AsnlSSAsp 




Giy2I3GXn 


46 




-f- 


Ser204Asp 


GXr.206Glu 


4- 


Pro210Asp 


4- 


Asn218Giu 




TyrI04Vai 




Leiil2SAsD 




CSlylSlAsp 


■S- 


Serl63Asp 


4- 


Thrl64Asp 




Leu BShsp 




Gly S-JAsp 




Glnl03Asp 




Tyr2i7Cys 


+ 


Gly2lSAsp 




SeriS9Glu 


4- 


Asn2l2Sln 


4 


Lys2l3Glu 


4 


Gly2lSAsp 4 AXa216Glu 




Gli-j. 5 9 Asp 


•f 


Asn 62G1U 


■s- 


Ser eSGXu 


4- 


P3rQl2SSet 


4 


AsnlSSAsp 


45 




-f 


TyrI04Ala 


4- 


Val203Asp 


4 


Gln206Asp 


4 


Lys2X3Giu 




Val 95GAU 


4 


Glul56Asp 


4- 


GiylS7.Asp 


4 


Tyr2X4Giy 


4 


Thr220Asp 




Vai 




Giy2I5Glu 


4 


Ala216Giu 


4 


Tyr2X?Lea 


4 


Gly213Ser 




Ser 63 Asp 


■S- 


GlyieOAsp 


4 


Seri 61GlU 


4 


VaX203Ser 


4- 


•ryr217Cys 




GlyiSOAsp 


4- 


Serl61Asp 


-i- 


Tyrl67Met 


4- 


Ser204Asp 


4 


Tyr21?Ala 




Lau 96His 




TrplOSAsp 


4- 


GlnSOSAsn 


4 


Asn218Asp 4 


GIy219Asp 



GlylOOGlu -1- SerlOIAsp -f Tr»106Meu Serie2As» Thrl54Prc 
SerlOSGiu + Alal&"Ser Va3203Gl\.i f Ser205Asp -i- Ala216Gly 
AsD SGGlu TrplOeAsn + Val203Giu Se.r204Glu -i- Ala216Gln 
GinlOSAs:? 4 SerieaGlu ^ Thra 64GIu ^- Pro201G.l:o -f- A.l3216t'ro 
$ Val 95Gin t GlylOOAsn + GIul66As» 4- Glvl57As» * Lys213Glu 
Thrl58Asrj SerlSOAsD Ser20<-iGlu f Gj.v21&A;>n Tyr^lTCvs 
5erU'?5«sr:- T.rr.l06Glu + Thrie-^Asn f Ala2I6A5P t G:iv?IS5Ser 
Gin S9G1U + Asp 60Glu TyrlS4,Asn i- SerI>3IGlu -t Pro201GXn 
Glnl03Asp + ScrI6iGlu + SerI62Asp ^- GIn206Ser -i- Tyr2I?Hxs 

m Ala SSAsp ^ Asp 99Glu + SerI05Glu ^ Thrl64Glr. ^ Alal6'?Ser 
G.lvl.54As:p -f AsnlSSAsp -f- $6r204Giu Als216Gln -f- Tvr217Ala 
Asft 6;iGiu ^ Tyxia«5er 4 Gln206Glu 4 Ala2I6Glu -s- Tyr217Cyi? 
GIyl57Ssr -i- ThrliSGlu + Gin2a6ABp 4 Lys213ABp i- P:la2).6Asp 
Vd.) 95Thr + Glyl57Glu -s- SerlBSGIu Ser204G,lu Ala216;Asp 

IS Tvri04His + Asn2 5^;Glu GiylSTAsn T\?rl6?G.lu ^- Glv202Ser 
Glyl.28Asp GlyHV/A.-n Pro210G.ln ?%.sna.ieGiu ^ Thx220Giu. 
Asn 62G.!U ^ Val 95Al,5 4 G.ly:{00A6:p + Lys2:i3Glu 4 Tyr217Hli= 
Gly:in6As:p 4 Gln2065er 4 Gly2l5Fr:o ^ Tyr2:nA3p 4 GI y21SAKP 
So£l30A£.r 4 5erIG3Asu ^ Tyrie?3er 4 SerlSflAsp -> Tyr217Met 

20 Gly 97Pro + Serl32Asp + ThrlSSGiy 4 Ser204GIu -s- Aia2X6Asp 
Giyl54Asp -i- S€rl91Asp + LycXlHA-p ^ Tyr2i4Ala - Tyr217Asr. 
Asn eiGin + Iiel07His ^ Sfcx204GJu ^ Lys213GI\j ^ Asn.21SGlu 
Gin 59Asp ^ Ais 9SGiu ^ Giyl02Asp SerlOSGIu 4- Leu209Thz 
Alal33Gly 4- Giyl54Asp Gln206Glx3 i GlvSlSGlu f Thr220Glr. 

2S <Slyl54Asn + Olyi60Sfer 4 Giyi66Glu 4 Gln206Asp 4 GlvZlSAsv^ 
Leti $6Glu -f Ma SSAsa -f TyrI67Asn + Gin206Glu 4 Giy215Giu 
SerX62Glu -f Thrl64Glu -f Tht208Gin + Aia21&Asp -s- Tyr217Giu 
\rai $SAsp -f IIelO?Asp + Tyrl6?His + Serl88Giu Thr220Asn 
GlylS4Glu + GIyl65Asp -f Lys213Asp 4 Ala2166er -f- Tyr21?Cys 

30 Gly 97Glu 4 Asp SSGiu + Giul56Asp 4 Tyrl67AXa -f- Ala21SPro 
Thr €6Gly GlnlOSAsp + Trpl06Glti -s- <3Xya2FlAsn 4 Se£l&2Asp 
Glra03Giu + SerlOSGlti + ThrlSSSer + Leu209?hr -t Lys2,13GXu 
Thr 66Gii5 -s- Thrl64Asp + Val203His 4- Giy211Glu -^ Lys213Glu 
Brol29AsB f Gly2 31G2n + Thrl64Glu 4 Gly2XlGlU + Lys2l3Asp 

35 SerXSSAsp 4 Serl62Giu Gin206Ser ^ Pro210Giu 4 Tyr2I4Aaa 
Asp SSGlu 4 s^rlOlAsp 4 GiylSlAsn 4 Lys213Glu 4 <3Xy215Ser 
Glnl03GIu 4 TvrX04Gly 4 Thrl64Pro -t- Pro210Asp + Asn212Glu 
Asn S2Ser + Serl32Asp 4 G.iy:60Giu -f- Sftr:i62Glu + AXa216His 
GIyI60G.Ui 4 Ssr2 62Asp 4 ?yr::67Iie -f- S(T.r204Glu 4 GXy219Ssr 

40 Asp 60G1U + £■■:••>: 63A:=o -i .Sr.r::30Glu 4 Glv202Gin 4 Glv215Ser 
Givi54GXL! 4 Glx!l5fAu.c . Fr-.:2I0Glu 4 Lys213AsD -J- Asri218Gln 
SerlOSAsP 4 TrDlC)6GJ.v ^ Gj.v127Asp + Glvl54Asp i- Val 1 65Gin 
Asn &2Giu J- GlyiOOGlu G ■. vU::7A.r>n -J- GlyL^CGlu -s- Tvr2r?L«u 
Asn 62Asp 4 P>-oi29Giy + Aiai3 3Gly * Sei204Asp ^ Gln2D€Asp 

45 Asp 60G1J 4 GiylOOAsn 4 £er2C4Asp 4 Gin206G.b.? f Pro2I0Ser 
Serl62G.;.u ThrlcMGXu 4 Val203Th.r t Se.r2u4A<sp ^ A3n212Ser 
G ^70" u * ^<.M 7G-iu ^ ■rvTU"?A5p - iy?:. J^Sl - '>? 
GXsa2aGIu SerlSSGiu 4 Glyl^igGlu 4 Gia20eGlu i- Ala2;u;ser 
Akp &OGiu 4 Asn 61G1U 4 Alal8?Giy 4 I,ys213Glu 4 Aia2X6Gla 

SO Gly S7ASP 4 serlOXAsp + Tyr3.04Gi-a 4 serXSlGlu * Tyr217Val 











+ 


. 


■f 


Ax ii 2 i 6As"p 
















































— - 




z" — - — — !- 


■4 


^-^^'-^ "^i-- 




"' 




5 




r 






r t I 




P-:o210Glu 


4- 


Ala21 6 Gin 




Leu 1 2 6Val 


T 


""i 5 u 








,Lys213Asp 


4 
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'Poy'^l "! T K >- 






10 














^■^ ^ -^^ 0 n j't ^'i 1 ^ "J 
















" . ., " 




^ 2 0 '"^ C V3 


4 






,'->,„ J,, j.- 
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- " 








Glv2 A S,A--5p 
















y , . .. . ^ 








TVr217S;T:>"' 


■ 














Serl 








4 
























?er I. A p 
























j» -V" "J Q L 
















■ " ^ ■ . '■■ 










20 




4 


I <" I* 




„5 iJ 




Gly^IlGlu 


















4 


Al&2a 6A<>3:> 




















Gin206Asp 


















-J- 


Lys2riGiu 










4- 






^ V 




Tyr217Leu 




Tiir220Asp 


2S 










\ 




Alar; 871^ro 




Asn21SA5p 














4 






Gly219S©r 








A" B u 






4 


GlyailPro 


T 






ABji 61 Asp 










4 


Lys213Asp 


















-f Asn212Asp 




Als216S^r 


30 










■f 


Ala216Glr. 




Ty.r2 1 7 L«ju 




AsB 61Asp 




GiylOOA^p 


■f 


irpi06Aj,«i 




Asn212Gln 












Giylo'Cln 


-s- 


Ser;i 04Asp 




Lvs:213AsD 




Alsiji 1 oGi U 




Leu 96«lia 








lalyiUUCalti 


+ 


GIn206Asp 


4 










ie 96^y 




(sly 97Giu 




$er204Giu 


4 


Gly215Asn 


35 


Tyi:16 Pro 








ijyS/i<5»^AU 


4- 


Aia216His 


f 


















Giyl66Asjs 




V&1203Asn 




Glyl02Asn 




Glyl60A«! 


4- 










TJir22QAsp 






-f 


Ma «SS?A«:p 






f 


SerlSSGlu 


+ 






GI4J.56ASP -s- 


S$r204Asp 




Gxn206Glu 




Lys213Glu 






40 




<*■ 


eiVlS7Pro + 


Sesr2G4Glu 




Gln206Asp 


4- 


Lys2X3Glii 




Serl*"OAsp 




GXyl60Asn 






Gin206Asn 




Gly2 I SAsp 




Ciyl2/GH 












Gln206A^p 


4 


Tyr2l4T>ro 




\^ »&Cix 




-5 G^l 




t>cH 




Glyl r>4A?p 




A.sn2 1 eG.l u 








^ -! c^C I 












Gln206Glu 


45 


C ^"i V 
















Asn21SGiu 




















Ala21.6Giu 




















Asn2:i8Glu 








r < u 












Gin206Asp 








V- li 






4 


Glvl66Ser 




S&rlBBAsp 


50 








4 






Tyri€7Glu 


4- 


Lys213Glu 



m 



Gin 59Sor. -i GluKv^Asp 4 GiyltOGlu t Gly"31G.lu Lvs2i3GIu 

GlnlO;^Glo 4 Gayl 60?-..sr. -h Clnl'DfGlu 5 '[yr?l<-Gly s- asn.^lSGIa 
Ser t3>\c;p ^ G ; v::C:'r.L-c I.Vo::3Asp GIy:M5G)n -s- ,Asn?i8A?:p 
S Asp eOGiu Lc-u roGVa - ^hrlbiCln Giyie o GlnCO*>Af.p 
Glv 97A3P * GinlCViArx-^ . PhelS9Ala i Glzi::C:eSe- Lys21?A&p 
Asn 62A5P Tnr x.6GXu * TyilO^Fro ^ $>3rl32A.sp -i A-.n212Asp 
AJa &Spro J- r'roi2SA5P ^ Serl'iOAs'P LysJl^GUi Ty5r2n(nu 
Scr 63A?r. •« GlulStSAsrs * Glii2C6Glu + Ly:i2l3Glu Ala^tGPro 

iO Ksp (iOGlu ^ GiylOCGln ^ SerlCSGlr. Tnrie^Gin ^ Gly211Glu 
Asr 6001U -i Thr156Gln ^ Lvs213GIU AlA2:;RrIn t ?vr2!7Val 
Iiel07Ai-p ^ CXvX31Asp A.la21€As:p Tyr2r7His Asr.218Asp 
^->&r GJAsr. < GlviaOGl\3 ^ GXnl03AsP GXn206Asn ^ Glv219Asp 
Asj.i55Giu ^ Givl.--7Glu * GlnS06Asr: -t Pto21DAsp * AXa216Giu 

IS Ser 63Aj=p - i:iSi«J?Het P>oi29Asn -r GerU^lA^^p Glvr?9G.n: 
S^?r «3A?P ^ Val ?5Ala A-,-, ^"i:,:.. - l-.l^t'Ihr ^ J^orIC3A&r 
Thr *>6GXu ^ OsylOOG'S-. - ;r ;V ^ -A-p • '/.ri^A-p - A:aJ:CA;.~r. 
ThrI&bA;-;p S'^rl^xIKsp - Gl r/; T'oA-- p . v:.;.;l'.-Cv;? ■> (;:.y2::9Asp 
Ser e^OXu ^ S-r3'\>Asp - Alai?7G,ln - (r.yniA^n :A's21?Asp 

20 G.Iy ?"'Ser - SeriOlAsp Via2«VjCys Tyr2UG.U: - Tyv'/17Asp 
Val 35G.U5 * Asp 39Giu ^ SBfZOihsp ^ GXy2iSGi'a ^ Asn21&Gln 
Gin * Thr 66Asp -t- Serl63A^p * Pro201Gin Gly21SGiu 

Ala SSHis 4 SerlOlGlu 4 Glyl66Gln 4 SerlSSAsp -f Vai203Asp 
Ser 63AS13 4 GlyieOAsp 4 Val203AXa SeraO^Asp -s- Gln306Glu 

25 Givia^Glu 4 Serl62Glu 4 Serl63Giu ^- Lys213Asp Aia216His 
S€rl62Asp AlalS7Glu -5- Pro201GIn -s- <Sln206Asp 4 Tyr217Glu 
GIylS7Glu + Phel89Tyr + ¥al203Glu 4- ser204Glu ^ Lys213Giu 
Glv; ' - SerlSlAsp + TyrlS7Glu + Gly202Asn -s- Gin206Siu 
As.r - A- - SerlSmsp -^^ Thrl64Glu + Phel89Kis + Lys213Gl-a 

30 Tvi.a^Cyi, f SerlSSGIu + Lysai30Xu + A5n218Agp 4 G3s/219GX-ti 
TyrlU^iAup 4 Glyl28Asn + Serl3DAsp 4 Slyl57Ser -i- Ser^O^Glu 
Serl32Glu 4 Glyl57Ser -f SsrI63Asp 4 Asn212Asp ^ Lys213Glu 
Giv 97ASP 4 Ala 98Asp + Prol29Gi« 4 fyrl67Leu 4 Gin206Asp 
S^rlOlGlu * ThrlSSGIn 4 AIal87Giu 4 Serl88Glu 4 Gin2Ct6Glu 

35 Asp SSGiu GlylOOAsp ^ ABiMSBAsp 4 Glyl66Gln 4 Ser204GXu 
Serl30Gi\3 4- SsrlSlGla 4 Serl62Asp + ThrlStesB -i- Gly2llAsp 
Gin f Tyrl045ksp + ThrlSeAsp 4 Serl91Glt;j 4 Asn2U<Giu 

Asp gOGlu 4 S«rl01Giu 4 Ser204Giu 4 GlnZOSSei - ?ro210Aap 
Serl30ASp * Serl59Asp 4 Ssrl63Giu 4 ?ro210GXn * Tyr217Asp 

40 Asn 61Asp 4 GlyiOOAsp + Trol06Fro + Glyl>'.?Glu t Tvr2}7Asp 
Glyl02E'ro 4 Glyl31AoP ^ Serl-it>Asp 4 5er20-a.7iu 4 GIu206GXu 
GiUlSgAsp 4 Ser204A.?p Glr,206Asp -J A?^n212Ai^p 4 AlA2i&Bis 
Thr 6£Pro 4 Gl.n].03Asp ' Gl\xlZfhs^ ;■ Serl.91.Glu =■ Gln206Asp 
G.lyi31Pro ^ ?hei>-?I-cu ^ Scr ; ; Glu -i Gln/'KlG-lu ; Lvc.2.nGlu 

45 Al.n --^^Gix^ G.lvl?.7Sex + c:n20CA-;p ^ Lys:Jl3A;-;p - cly:il5a.ln 
TyrlO-ILou 4 ThrlS^G-^u -f G:y?x\?.Sftr GinSO^JG-h.^ * Lys:-15G.rj 
Ser 63GIU 4 Ala 9jViln ^ Glyl 0'2,'V~r: * ^Ser i MXAsp * Tvr2L"Glu 
ThrlSSGlu Glvio&Asn 4 Pio210Glu 4 Lys2J3Giu 4 Thr220GXu 
Trpl06Thr 4 GIyl54Ser 4 G.lyl57Asp 4 Lys213Giii 4 A.la2I6Giu 

50 Als 9SS6.r 4 Aial87Glu 4 Lys213Asp 4 G"iy215Gln 4 Ala216Asp 
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Ser 63G.lu 
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Asn 62G1U 




Glyi66Gl.n 
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In anolher ^mbodimant of the present Invention, an effective amount of 
one or mom of the enzj^me variants are Included In asmposltlons useful for 

m cleaning a variety of surfaces In nmd of proteinaceous stain removal. Such 
cleaning compositions Include detergent compositions for cleanlr^ hard 
surfaces, unlimited in form (e.g., liquid and granular); detergent compositions for 
cleaning fabrics, unlimited in form {e.g., granufer, liquid and bar formulations); 
dishwashing compositions (unlimited in form); oral cleaning compositions, 

45 unlimited m form (e,§!,, dentifrice, toothpaste and mouthwash formulations); 
denture cleaning compositions, unlimited in form {e.g., liquid, tablet); and contact 
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iens cleansng oompositions, unlimited in form iB.g., liquid, tabiet). 

The cleaning composiuons also comprise, m additin to the BPN' variants 
described hemlnbefor©, one or more cieanmg composition rr=at8rials compatible 
with the protease er^zyme, the term "cieaning composition materiaf, as used 
5 herein, means my Hquid. soiid or s^seous material selected for the psrticuiar 
type of clesnif^g composition desired ar^d the form of th© product Ce,g., liquid, 
granyfe, bar, spray, sUck. jsaste, gel), vs^ich matsnals are also compatibie with 
the Bm varlar^t used m the composition, tlie specific selection of deariing 
composition materials are readily made by cor?§idenng the surface material to be 

10 cleaned, the desired form of the composition! for the cleaning condition during 
use (e g,, through tr,e wash detergent use). The term "compatible", as used 
iiareirs, means trie cleaning composition materials do not reduce the proteolytic 
activity of the BPH' variant to such ar^ extent that the protease is not effective as 
desired during r^ormal use siiustior^s. Specific cleaning composition materials 

IS are exemplified in deieil hereinafter. 

As used herein, "effective amount of ervzyme variant"' refers to the quantity 
of enzyme variant necessary to achieve the enzymatic activity necessary in the 
specific cleaning composition. Sudn e^^ective amounts a.^e readily ascenained 
by one of ordinary skili in the art and Is based on many factors, such as the 

20 particular enz^e variant used, tie cleaning application, the specific 
composition of the cleaning composition, and whether a liquid or dry {e,g„ 
granular, |?ar) composition is required, and the like. Preferably the cleaning 
compositions comprise from atsout 0,0001% to about 10% of one or more 
enzyme variants of the present Invention, more preferably fix>m aboi^ 0,001% to 

25 about 1%, more preferably still from about 0.01% to about 0.1%, Several 
examples of vanous cleaning compositions XiV^hereln the enzyme variants may be 
employed are discussed in further detai; below All parts, percentages and ratios 
used herein are by v^/eight unless othem-ise specified. 

As used ,nere;n, "non-fabric cleaning compositions" include hare surface 

30 cleaning compositions, dishwashing compositions, orsi cleaning coinpositions, 
<dentui-e cleaning compositions and contact lens cleaning oornposilsons, 
^- Cleaning Compositions for Hard Surfaces. Dishes and fabrics 

The ens^me variants of the pf^sent Invention can be used In a variety of 
detergent compositions v^fhere high $udsing and good insoluble substrate 
removal are desired. Thus the enzyme variants can be used with various 
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convsnUonsI ingredients to provide fuliy-formuL«ied hard-surface cleaners, 
dishwashing compositions, fabrsc laundering compositions and the like. Such 
cornposllions can be In the lorn of liquids, gi^nules, Dars and the like. Such 
crjmposiiions c^n be formulated as modern **concentrat«d" detergents which 
s contsin as mush as 30%-60% by might of surfactants. 

The cleaning composiiions herein cm optionally, and preferably, contain 
various anionic, nonionic, zwltterionic, etc., surfactar^s. Such surfactants are 
^IcaSly present al levets of torn about 5% to about 35% of the compositions, 
Honllmiting exart^ples of surfactants useful herein include the 

10 cor^ventionai C^-^-Cig siky! benzene sulfonates and primary and random alkyi 
sulfates, tiie Cio-Cig secorK.l3ry (2,3) sikyi sulfate? of the formulas 
CH3(CH2)x(CHOSG3)-rvr)Ci-l3 and CHc^iCH^ ^yiCHOSOs-Cvr] CH2CH3 
wherein x and (y^i) are integers of ieast about 7, preteraijiy at least about 9, 
and M is a ^vster-solubilising cation, especsaliy sodiufri, ttu^ C-|o-Cts elkyi aikoxy 

iS sulfates (espeasSly £0 1<-5 etho>;y $u:tates) CiQ-C-^g alkyi aikoxy carboxyiates 
(especialiy the EO 1-5 ethoxycarboxylates), the C-uyC-is ^-"^y' poiyoiyccsides, 
and their corresponding suifated poiygiyoosides, Ci2~C-|3 aipt^a-sultonatsd fatty 
acid esters. Gi2^C<jg alky! and a^ky! phenol afkoxylates (espaclaliy ethoxylates 
and rnlxed ethoxy/propGSQ,?), Ci2-Ci8 betalnes and suifobetaines ("suHalnas"). 

1$ Cw^iB ^^i^^ oxides, and the like. The alkyi alko>^ sulfates {AES> and alkyi 
aikoxy carboxylates (AEC) are preferred herein. (Use of such surfactants in 
combination with the aforesaid amine oxide and/or betaine or sultalne 
surfactants is also preferred, depending on the desires of the formulator.) Other 
converrtionai useful surfactants are listed in standard texts. Particularly useful 

25. sunactants include the C-iQ-Cig N-methyl giucarnides disclosed in US Patent 
194,639. Connor el a!., issued Match 16, 1993, incorporated herein by 
reference 

A wide variety of other tngredienis useful in deterpant deanino 
compositions can be inciuded in the compositions herelr-. Including other active 

30 ingredients, carriers, hydrotropes. processing aids, dyes or pigments, solvents 
for liquid formulations, etc. If an additional increment of sudsing is desired, suds 
boosters such as the Cio-Cis alkolamides csn be incorporated into the 
compositions, typically at- about 1% to about 10% levels. The Cio-Cl4 
monoethanol and dlathanol amides Illustrate a typical class of such suds 

3S boosters. Use of such suds boosters with high sudsing adjunct surfactants such 
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as the amine oxides, betasrsss and suitasnes noted above ss also advantageous. 
If dessmd, soluble niagnssium salts such as ygCl2, sVsgS04, and tSie like, can be 
added at levels of, typlf^fly, from about 0.1% to about 2%, to provid® additionally 
sudsing. 

The liquid detergent compositions herein can contain water and other 
solvents as carrmrs, tw moleoilaf weight primary or secondary alcohols 
exempliBed hy methanol, ethanoi, propanol, and fsopropano! are suitable, 
l^onohydfio alcohols are preferred for solubtlizing surfactants, but polyols such 
as those containing from about 2 to about 6 carbon atoms and from aboui 2 to 
about 6 hydroxy groups {e.g., 1,3"propanediol, ethylene glycol, glycerir^e, end 
1,2-propanedsOi) can also b® used. The compositso-ns may contv^sin from about 
5% to about 90%, typica?iy from about 10% to about 50% of such carriers. 

T'he detergent compositions harasn will preferably be fo^c^iiL^icd ,such ^hat 
during use in aqueous cleaning ope-^atcons, tne was,^ v/ator VsiH have a pH 
between about 6 8 and aoout 11.0 Finisisad p-odjcis truij. ara typscaiSy 
fOfr)iuiated at this range, "temnsques for cont-'olisng pH at recorn.n-cndod usage 
levels Include the use of buffers, aikays, acds, etc . and era well knowrj to those 
skilled In tha art. 

When formulating the hard surface cleaning composilions end fabric 
cleaning compositions of the present irsventlon, the formulator may wish to 
employ various builders at levels from about S% to about §Q% by weight. 
Typical builders include the 1-10 micron jjoolitos, polycarboxyiaies such as 
citrate and oxydisuccinates. tayarad silicates, phosphates, and the like. Other 
convantional builders are listed In standard forniularies. 

likewise, the formulator may svish to employ various additional enzymes, 
such as celiulases, lipases, amylases and proteases In such compositions, 
typ:ra;iy at levels of from about 0,001% to about 1% by weight. Various 
detersive and fabric cere enzymes ere wall-t^nown in the Isur^.dry detergent art. 

Various bleaching compounds, such as the per carbonates, perborates 
and the like, can be used sn sudi compositions, typica^y el levels fro.-n about 1 % 
to about 15% by weight, if desired, such ccinpositions can aiso r.x^ntain bleach 
activators such as tetraacatyl ethyler^ed!af?une, nonar^oyloxybenzene sulfonate, 
and the Hka, which are also Imown in the art. Usage levels typically range from 
about 1% to about 1D% by weight. 

Various soli release agents, especlaily of the anionic oilgoester type. 
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varlDys chelating agents, especially the amlnophosphonates and 
©thyten0dis5Tiin0disucclnaMs, various cisy so?l rernovai agenlSj sspaclsOy 
filhoxylated tetraethyten© pentamtna, various dispersing agents, especially 
polyaerylates an<l pQlyasparatateSs yarisus brighteners, especially ansDnlc 

s hr^Hm^m, mmm md^ supjsressors, espsclaify sfHcones ana aecsn^ary 
aleohols. various fabric softeners, especially smeclita clays, m m \m mn all 
foe us«d in such eompossilons et levels ranging from afoout 1% ia about m% by 
welgm. Standard fbrmiilarles and published patents contain multiple^ detMisd 
da^cnptions of sueh coiwantional materiais. 

10 Bnzyme stabslizsrs may also foe meet in tiie eteaning compositions. Soeh 

enzyme stabilisers Incitid® propyiene glycol (preferably frnfn about 1% to about 
10%), sod!ur?i formate (preferably from about 0.1% to about 1%) end calcium 
formate (preferably from about 0.1 % to atout 1 %). 

1$ As. used lierein '"hard surface cleaning composition" refers to liquid and 

granular detergent compositions for cleaning hard surfaces such as floors, walis., 
battiroom pie, ami the like. Ham surface cleaning compositions of the present 
iny0rltlpn corrsprise an effectlye arHquni of on® or rnore enzyme variants of the 
presem Inverttion, preferably from about Qmi% tss aboul more prefarably 

m from ebout m % to about more pnefersljly still from about m% io about 1 % 
by weight of acttva enzyme of the composstloa fn addition to corRprfsIn^ one or 
more of the snzyme variants, such hard Sisrraee cleaning compositions typically 
comprise a surracfant end a water-soluble sequestering builder. In certain 
specialised products such as spray window cleaners, however, the surtactants 

2S are sometimes not used since thsy produce a filmy/streaky residue on the 
glass surfaoe. 

The surfactant component, when present, may comprise as little as 0.1% 
of the compositions herein, but typically the compositions will contain from about 
S,25% 10 about 10%, more preferably from about 1% to about 5% of surfadant. 
m lyplcally the eomposltions will contain from about 0.5% to about 50% of a 

datargancy builder, prefarabiy from about 1% to about 10%. 

Preferably the pH should foe in the range cf about 8 to 12. Gonvantional 
pH adluslment agants such as sodium hydride, sodium carbonate or 
hydfoohterlc acid can be used If adjustment is necessary, 
^ Solvents may be included in me compositions. Useful solvents include, 



but are nol hmitsd to, glycol ethers such as dse:hyl6?neQ!ycoi monohexyl ether 
dlethylensgiycoi monobi^y! ether, athyien«glycol monobutys ether, 
ethylaneglycol monohexyS ether, propytenagiyco! monobuty! ether, 
dipropyleneglycQl monobutyl ether, and diote such a$ 2.2.4.tnrnathyi-1,3-- 
5 penlanediol and 2-«myi-1,a-hexsn0cflo(- When used, such solvents are typically 
present at levels of from about 0.5% to about 1S%. preferably from about 3% to 
about 11%. 

Asiditionefly, Jilghiy volstite solver^ts sudi bs isopropanol or eihar^ol can 
be used m the present compositions to facilitate faster avaporatlon of the 
w composition from surfaces when the surface Is not rinsed after 'tuN strength" 
application of the composition to the surface. When used, volatile solvents are 
typicaily present at levels of from about 2% to about 12% in the compositions. 

Thfe hard surface cleaning composstlon embodiment of the present 
invention is illustrstsd by the following exenvples. 

« Exam ples M 2 

Liquid Hard Sufface deanirK) Con-.positions 



Exarripie No 



Component 


7 


8 


9 


10 


11 


12 


SenoSGlu 


0,06 


0.50 


0,02 


0.03 


0.10 


0.03 


Gly127Gin + Ala216Pro 










0.20 


0.02 
















EPTA** 






2.^ 


2.90 






Na Cits-ate 










2.90 


2.90 


NaC '1 2 A!kyl*benzeft® 
sulfonate 






1JS 




195 




NaCi2 Afkylsulfate 




2.20 




2.20 




2.20 


NaCi2(ethoxy)*** 

sulfate 








2,20 




2.20 


C-12 Dimethylamine 




om 




O.SO 




OJO 


o.-<sde 














Na Cum-me sulfonate 


1.30 




1.30 




1,30 




Hexyi Carbsto:**' 


6.30 


6.30 


6.30 


6.30 


6.30 


6-3D 


Water**** 






balance 


to 100% 







*Disodium N-<liethyteneglycoi~N,H~imsnodiacetate 
35 **Ma4 ettiylenediar?iine diacetic acid 



n 



****Alf formulas adjusted to pH 7 

In Examples 7~<10. tre BPN" variants recited in Tables 2-25, among others, 
are substituted for SeriOSGiu, w.th substantially slmnar msMlts, 
5 In Examples 11-12. any cssmblnaiior^ of the BPN' variants recited in 

Tables 2-25, among others, are substituted for Oly127Gin -J- Ala216Pro, mth 
substantially aimliarmsyits. 

Ekampfes 13^18 
Spray ComposiiiDfis for Gleaning Hard Surfaces 

Exampla No. 





13 


14 


15 


16 


17 


IS 


Tyr104lle^Gly215Pro 


0 


SO 


0.05 


0.60 


0.30 


0.20 


0-30 


A$p99Glu 












0 30 


0.10 


Sodium oclyi sulfate 


2 


00 


2.00 


2.00 


2.00 


2 00 


2.00 


Sodium dodecyl sulfate 


4 


00 


4.00 


4 00 


4,00 


4 00 


4.00 


Sodium hydroxide 


0 


80 


0.80 


0 SO 


0.80 


0.80 


0.80 


Sihcate (Na) 


0 


04 


0.04 


0.04 


0.04 


0.04 


0.04 


Perfume 


0 


35 


0.35 


0.35 


0,35 


0.35 


0 36 



20 \Afater balance to 100% 

Product pH Is about ?. 

!n Examples 13-16, the BPW variants recited m Tables 2-25, among 
others, are substituted for Tyr104!le 4- Gly215Pro, with substantially similar 
results. 

2S In Examples 17-18, any combination of the variants radted in 

Tables 2-25, among others, are substituted for Tyr104lls * Gly21SFro and 
AspMGIu, with subslantiafly similar results. 

In another embodiment of the preser.t snve-ntlon. dlshwast^ing 
m compositions comprise one or more enzyme varianU- of the present invention 
As used herein "disrvA'asninq c"fr.pos!t=on" refers to a'i fonT>& for compositions 
fo.f oleans.r;g d;sh8,s sf^oluding but not limited to, granular and hquid forms. The 
dishwashing composition emt)odiment of the present invention is illustrated by 
the foUowinQ exarr^ples. 
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Exampses 19-24 
Dishvv'asni.ng £on]posmon_ 

Example No. 
19 20 21 22 23 24 



5 Glu59Ssr + leuSSGl^^ 



4 Ssr204Giu 




0.50 


0.02 


0,40 


0.10 


0.03 


Lys96Gly ^ Ser2048iu 








0.40 


0.02 


Ci2~Ci4 N-methyi- 














glucamsde 


0,90 


0.$0 


0.00 


0.00 


0,90 


OJO 


m Ci2ethoxy(1) sulfa- 


te 12-00 


12,00 


12.00 


1:2.00 


12.00 


12.00 




: acsd 4.50 


4,50 


4,50 


4,50 


4,50 


4,50 


Ci2ethoxy(2)cafb< 


sxy!st84,50 


4,50 


450 


4.50 


4.50 


4.S0 




jt§ (4) aoo 


3.00 


aoo 


3.00 


3,00 


3.00 


012^^^110^ oxide 


3J0 


3.00 


3.00 


3.00 


3.00 


3.00 




onate 2.00 


2.00 


2.00 


2.00 


2,00 


2.00 




4.0D 


4.00 


4.00 


4.00 


4.00 


4.00 




0,20 


OJO 


0.20 


0.20 


0.20 


0.20 


Ca++ (as CaCi2) 


0.40 


0,40 


0.40 


0.40 


0.40 


0.40 








balance 


HO 100% 







20 Product pH IS adjusted to 7. 



In Examples 19-22, tha SPN* variants recited In Tables 2-26, among 
others, are subslltuted for GInSOSSer -f L8u96Gly 4- S8{204G!u, with 
sybslantially similar msults, 

In Exsniptes 23-24, any combif^stion of th© BPH* variants recHsd in 
2§ Tables 2-25, among othars, am substituted for GinS9SSer ^ Uu96Gly + 
S0r2O4Glu and Lys96Gly Sar204G{u, with sybstantlaOy simiSar results. 

In another arnbodirnsnt of tha present inventio.n, fab-'-ic oiaanlng 
compositions comprise one or more enzyme variants of the present snv«intson. 
30 As used herein, "fabric cieaning composilson" .refers io ail forms for detergent 
compositions for cleaning fsb.nc.$. including but not iirnitod to, crsnular, liquid 
sruJ bar fornis. Pre^wsreo fab.-ic cieaninp cornposttions are those in the liquid 
form- 

a- Granular fabric cleaninQ Gomoositior^s 
B Tbe granular fabric cieantnQ cort^positions of tha prasant invanUon contain 
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an effective amount of one or more enzyrns variants of the present invention, 
preferably from about 0,001% to about 10%, more prsferably frona aboul 0.005% 
to about S%, more preferaoly from aocut 0.01% to aboul 1% by weight of active 
enzytxiB of tiie cornpcssitson. Irs addition to one or more ?inzynie variants, the 
5 gmnular fabric cieansrjg compositions typically comprise at least one surfactant, 
on® orrti©f0 bii$l<3sf&, snd, in soffit cssos, s bissching SQent, 

Tho 0ranii!ar fabric cteaning oomposttion ©nibodsfnont of ^e prison! 
Inventson is sllystmted by the following « 

G r ^nuter Fabric C teisnlTiiQ Cc^posit iori 





Gomporient 




26 


27 


28 




S«r101Asp 


0.10 


0.20 


0.03 


o.os 




Thr66Glu 






0.0.2 


0,06 




Ci3 linear aikyi benz^jne • 


sulfonate 22,00 


22.00 


22.00 


22,00 




Phosphate (as sodium 


23,CS0 


23.00 


23;00 


23.00 . 




tripolyphosphates) 












Sodium carbonato 


23,00 


23,00 


23.00 


23.00 




Sodium siiic-ste 


14,00 


14-00 


14.00 


14.00 


20 


S^eolite 


8.2D 


8.20 


a2D 


8.20 




Chfefant (dtethylaen^triafT) 




G.40 


0;40 


Q.4Q 




pentascstic scid) 












Sodium suifat® 


5,50 


5.50 


5.50 


5;60 








balance 


! to 100% 



i 25»26j th© BPN* variants recited In Tables 2-25, ®iYj0n0 
cf for SerlOI Asp, with sufcstantially similar results. 
In Examples 27-28, any comblnalson of the BPW variants recited jo 
Tabies 2*25, among othors, are substituted for SerlOIAsp and Tbr66Glu, with 
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Exampiss 29-32 
Granuiar Fabrio ClaaninQ Composition 







Example No, 






29 


30 


31 


32 


Val95Asp ^ Leu126Ser ^ Asn156Gin 


a 10 


0.20 


0.03 


O.OS 


GlySSSer -f- GI>'102Asn -s^ Val203G!y 






0,02 


0.05 




12.00 


12.00 


12.00 


12.00 


Zsolit© A (1-10 micrometer) 


26.00 


26.00 


26.00 


26,00 




400 


4.00 


4,00 


4.00 


Ci2-Ci4 secondary (2,3) alkyi sulfate, 


S.00 


6,00 


5.00 


6,00 


Nasal! 










S&dium citrate 


S.OO 


5.00 


S.OO 


S.OO 


Optics! br'iQhtenef 


0.1D 


0-1D 


0.10 


0.10 


Sodium sulfate 


17.00 


17.00 


17.00 


17.00 


VVatsr snd srsinors 




balance 


HD100% 



in Examples 29-30. the 8PN' variants recsted In Tables 2-2S, among 
others, are substituted for Vai95Asp Leu126Ser ^ Asn155Gln, with 
substantially similar results. 



in Examples 31-32, any combination of the 8.PN' variants recited in 
20 Tafeies 2-25, among othars, ara aubstituted for Va!95Asp ^ LaulseSer * 
AsnlSSGIn md GlySSSef ^ G!y102Asn Vai203Giu. with substantially simiiar 
results. 
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Examples 33-36 
Gfanuls^r F abric Cteaning Con-ipositjon 



Exarnpie No. 





Component 


33 


34 


35 


36 


5 




O,t0 


0.20 


0.03 


0.05 




Leu96A$n -j- Lys2l3Asp 






0.02 


0,05 




C^3 linear alky; benzene sulfonate 


22.00 


22.00 


22.00 


22.00 




f*hosphate (as sodium 


23.00 


23;Q0 


23,00 


23.00 




tripoiyphG^haies) 










to 


Sodium carbonate 


23.00 


23.00 


23,00 


23,00 




Sodium sfliGate 


1400 


14.0G 


14.00 


14.00 




Zeolite 


8.20 


8.20 


8.20 


8.20 




Cheiant (djsthylsenetfiamlne- 


0,40 


0.40 


0.40 


0.40 




pentaacetic acid) 










t$ 


Sodium sulfate 


5.50 


5.60 


5.S0 


6.50 




Walsr 




baianc 


eta 100% 




In Examples 33-34, the BPN' 


variants 


recited in Tables among 



Oti^^rs, are substituted for Ser63Glu, with substantially smiiiar results. 

In Examples 35-36, any combination of til® BPN' variants recitad in 
m Tables 2-25. among others, are substituted for Sor63Giu and Leiu96Asn 
lys213Asp, with substantiaiiy similar results. 



Exampiss 37-10 
Oranuiar Fabric Gteaning Composition 









Example No. 




Component 




37 


38 


39 


40 


AsnSaSer -i-SerlSSAsp -i- Fh8l89S©r 


D.10 


0.20 


0.03 


0.05 


Gly97S8r4-Trp106 


U0*TVf217Leu 






0.02 


0.05 






12.00 


12.00 


1Z00 


12.00 


ZeoilleA(1»10m!C! 




26.00 


26.00 


26.00 


26.00 


2-buty!ocianolc ad 


d 


4.00 


4.00 


4.00 


4.00 


^12'^ 14 ss^ondan 




5,00 


S.OO 


S.OO 


6.00 


H3 saU 












Sodium citrate 




5.00 


soo 


6. DO 


5,D0 


Oplscai brightener 




0,10 


0.10 


0.10 


0.10 


Sodium suifate 




17.00 


17.00 


17.00 


17.00 








balance 


5 to 100% 



In. Examples 37~$8, the BPW variants recited in Tabies 2-25. among 
others, are substituted for Asn62Ser 4 Ser163Asp + Phe180Ser ^ Ala216Qlu, 



m In Exampies 39^0, any edmbmatidn of me BPN* variants mmm in 

Tables 2-25, among others, are substituted for Asn62Ser + S®r163Asp * 
PheiasSer 4- A!a216G!u and Gly97Ser ^ Trp1D6fl8 Tyr217Leu, 
substantially similar rosuits. 
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Examptes 41-42 
Grc^nuiar Fabric Ctearang Coniposiiion 
Exampse No. 



CoiTSponsnt 


41 


42 


Lin«sr sikyi benzene sulphonate 


11.4 


10.70 


Tallow aikyUulphate 


ISO 


2.40 


Ci4.i5sikyt sulphate 


3.00 


3.tD 




4.00 


4,00 




1 ,60 


1v00 




0,0? 


0.1 


SiNcon© fluid 


0 SO 


0.80 


Tf isodsiMi citrai® 


14,00 


1 5.00 




3.00 


2 50 


Zsoiite 


32.50 


32.10 




5,00 


5.00 


phosphoftic add 


1 -00 


0,20 


AlaS8Asp-^A!a187Ser 


0:30 


0.30 


Lipase 




0.40 


Amylase 


om 


0.30 




im 


IM 




3.50 


5,20 


Polyvinyl pyffoUdone 


0.30 


0.50 


Perborste 


0.6 


1 


Phenol sulphonate 


0,1 


0.2 


Peroxidase 


0,1 


m 


Minors 


Up 10 too 


UptolOO 



Examptes 43-44 
Granular Fabric Cieanrng Composition 
ExafRpIs No, 



Component 43 44 _ 

s Sodium linear Ci 2 al^^Sbenzsne-sulfonate 6.6 8.0 
Sodium sulfate 15.0 18,0 

Sodium nSnlotriacetste S.O 5.0 

Polyvinyl pymiHcjons 0.6 0.7 

10 Tstraaoe^lethytene d^amlrse 3.9 3.0 

Boficgcid 4.0 
Ferfoorate 0.5 1 

Phsnoi sulphonate 0.1 0.2 

Gln69Ssr^Asn62Ser*teu96G3y 0.4 0.4 

15 +S0i204Gln 

mtet% silicates: eafl>anatesi Up to 100 Up to 100 

perfumes; water) 

Compact Granuiar Fabnc. gganlQg ^Domgogl^^ 

Ali^yl Sulphate S.0 

Alkyi Ethoxy Sulphate 2,0 
mi^rn Df C2S and €45 alcohoi 3 and 7 times ^iboxylated 8.0 

Polyhydroxy fitty add amida 2.5 
ZBoilte^ ^ 1?;0 

Ma\e-:c acsd achylic add copolymer 5.0 

Soil poiymsr 0,4 

CarboxymeUn-i celiuiose 0.4 

Po!y (4-yinylpyndin8) -N-o.xlde 0.1 

Copolymer of vinylimidazole and vinylpyrroiidone 0.1 

ISES20OO ^ 0.2 

ValSSGin -«» Tyr1 040lu + Glyl 2TGIn -t- Lys21 3Giu 0.5 
*Aia216Asp 

Llpasa 0.2 



Ceiiuiase 0,2 

Telracslyletr^visns diamine 6.0 

Psrcarbonate 22.0 

Ethylene diamine disuccinic add 0.3 

Suds suppmssof 3.5 

Disodiym-4,4'~bis {2-morphoilno -4-aiiflino»S'{riazlh^-^ 0.2S 

yianiino)stilb©n8-2.2'-di§u!phonate: 

DisQdiurn-4.4--bis (2--sulfostyrH) bipHehy! 0,05 

Water, PBtfatm and f\^inors Up to 100 

Example 46 

_„ Gfanujar Fabric Glfeamng Comfiosltion 

Component W^ight% 

linea?- alky I benzene sulphonate 7.6 

Ci6"ClB'3lM sulfate 13 

Ci4-1 5 slcchoi 7 times ethoxylated 4.0 

Coco-aikyl-dlmethyl hydroxyethyr ammohltim thl^sride 1,4 

DIspersant 0.07 

Silicone fluid 0.6 

Trisodium dlrate 5,0 

M^fejc sc3d acrylic acid copoiymar 4.0 

Oleti^ylane tnamine p^nla *?tathyl0rts phosphonsio acid 0,4 

Parfoorate 15.0 

Tetraacetylethyisn^ dsanriine B.Q 

Smectite clay 10,0 

Poiy (Qxy ethylene) (MSN 300.000} 0.3 

Ser63Giu 4 Thr104Asn 4- Oin206Sef + Tyr21?Thr 0.4 

lipase 0,2 

Amylase 0,3 

Celluiase , 0.2 

Sodiiim silicate 3,0 

Sodium carbonate 10.0 

Carboxymethy! callulose 0.2 

Brtghten^rs 0.2 

Water, perfume and minors U ptolQQ 



Exs mpte 47 
Granuie^r Fabf jc Cleaning Compositsori 



Component 


Weight % 


Lsnear aSkys feenssr^e sulfonate 


6.82 


TaMow alkyi sulfate 


2.05 


Ci4«i5 alcohol 7 times athoxylated 


4,4 


C-j2-l$ alky} etho)<s? sulfate - 3 t^mes elteytated 


0-16 


Zeolite 


20.2 


CltmtB 


6;6 




1S;4 




3vO 


MbMc add acrylic aci<3 copolymer 


4:0 


CarbQxymethyi celluiase 


031 


Soil release polymer 


0,30 


AsnSaSer + Trp106Giy Ser132Asp + AlaiSTSer 


0,2 


•^ PhelSgSsf 




Lipase 


D.36 




0,13 


Perborate telrahydrate 


1164 


Parfeorats mortohydrate 


8.7 


Tetraacetyletiylene diamine 


6,0 


DIethylsne tramine p^nta mathy! phosphonic aoid 


Q.38 


Magnesium suffata 


0.40 


Brighter^er 


0-19 


Perfume, silscone, suds suppressors 


0.85 


Minors 


Up to 100 



^- liquid fabric cSeaojoc^„TO 



5 liquid f,aforic cieanlng compositions of the preser-t snvention comprise an 

effective amour^t of one or more enzyme variants of the present invention, 
preferably f.^OfYi aooi^t 0 005% to about 5%, itx-);-« preferably froa^ about G-01% to 
about 1%, by svasgnt of actsve en->7'ne of the co.-npositson. Such liquid fabric 
cleaning compositions iypicaiiy addttionaPy comprise an anionic surfactant: a 

to fatty aotd, a watar-soluble datergancy builder and waiar< 

Th0 llqisici fabric claarjing con^posttion embodiment ef ihB pfsserii 
invention is illustrated by the following examples 
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Exampiss 48-S2 



Component 


48 


49 


Example 
50 


No. 

51 


52 


5 Ser161Glu^Giy-219Asn 


0.05 


0,03 


0-30 


0,03 


0.10 


Asn62Ser ^ lie1Q7A!a ^ Gki2m 


Asp- 






0 01 


0,20 


* Tyr217Thf 












Ci2~ Ci4 alky! sulfate Na 


20,00 


moo 


20.00 


20.00 


20.00 


2-butyi octanDic acid 


5.00 


5.00 


6 00 


6.00 


5,00 


10 Sodium citrate 


1.00 


1.00 


1.00 


1.00 


1.00 


C-^Q alcohol ethoxylatD (3) 


13 00 


13.00 


13.00 


13.00 


13.00 


Monethanoiamine 


2.50 


2.50 


:?,50 


2.50 


2.B0 


Water/propv^en'? f:;!vc;>l."ethano! 


(100:1;1) 




D 100% 





in Exn -^^'^oj the vanants reciies Toblc-s 2-25, arnong 

others, are .subsuiuted ?of SerlOlGlu Gly21SAsrK v/irh substanliayy Simisar 
msults. 

In Exampies 51-52, any combination of the SPN' variants recited in 
Tables 2-25, among others, am gubstitul&d for SerlSIGlu Gly210Asn arid 
Asn62Ser ^ ilelOTAIa G!u206Asp -f- Tyr217Thr, with substantialiy similar 
resuits. 

Examples S3-S? 

Uquid Fa bric Cleaning Compositions 

Example No. 



Component 


S3 


54 


56 


56 


57 


S.^ Ser101Asp lie lOTAte 


Q.05 


0.03 


0.30 


0.03 


0.10 


Gly202Ser 












VaiSSThr ^ Thr208Giy 








0.01 


0.20 


Ci2-Ci4alkyi sulfate, Na 


20.00 


20.00 


20.00 


20.00 


20.00 


2-buiyl Dctanosc. acid 


5.00 


5.00 


5.00 


5,00 


5.00 


30 Sodium Citrate 


100 


1.00 


1.00 


1.00 


1 00 


CiO aicohoi ethoxylate (3) 


13.00 


13.00 


13.00 


13.00 


13.00 


Monethanoiariiins 


2JD 


2.60 


2.60 


2.50 


2.50 


Water/propylena glycol/ethanol (100:1:1) 


b 


alsnce tc 


> 100% 





in Examples 53»S5 the BPW variants recited In Tabies 2-25, among 
others, am substituted for SerlOIAsp + lie lOMIa + Giy202Ser, with 



sufestarstially ssmllsr msults 

Irs Exsn^ples 56-57> any combination of the BF^N' var-ants recited sn 
Tables 212. among others, are substituted fof Ser101Asp -s- lie 1Q7Ala 
Gly202Ser and Vai95Thr -i- Thr20SGIy, with substantially simisar results, 
$ Emmpl^B BBS9 

Gf anyjar Fabnc Cteaning Cofflposiion 

Example No. 

Compof^^nt Sa §S 

Ci2»i4alkenyl succinic aoid 3.0 8.0 

10 GIfeaGsdmonohydlrate IQ.O 15.0 

Sdditim 0|2.1 5 afkyt sulphate 8.0 8;0 

Sodium sulfsts of C12-IS ^ ethoxyiafed - 3.0 

C 1 2-1 5 alcohol 7 times ethoxylated ^- 8.0 

Ci2-l5^teoholSyrnesmhoxylatad 8 0 

15 Oiethylene triamine penta (methytene phosphor.ic ac;d)0 2 
Oltic add 1,6 

4.0 4,0 
2.0 2.0 

Asp60Glu -5- Giri20SAsn 0.2 0.2 

Polyvinyl pyrrolidon^ 1.0 2,0 

Suds suppressor 0;15 0,15 

mOH up to pH 7 J 

m 1 
0.1 0.2 
0,4 0.1 

. . ^pto 100 parts 

In each of Exsrnptes 6S snd S9 tlferssiihj lha BPN' yarl^nts fiscsited In T$bl@$ 
2-25. among others, are $y«Mt©cl for Aspeoeiu + c3ln206A^fi, with 
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Examples 60-62 
Liquid Fabric C jganjng C o m pqsit'on 





Example No. 
60 61 


62 


Citric Acid 


7,10 


3.00 


3.00 


Fatty Acid 


2.00 




2.00 


Ethanoi 


1,93 


3,20 


3.20 


BofisAdd 


2.22 


3.50 


3.50 


Monoethanoiamsne 


0.71 


1.Q9 


1.08 


1 ,2 PfDpanedloI 


7,89 


8^00 


8.Q0 


MaCumene Sulfonate 


1.80 


3.00 


3.00 


NaForfnate 


0.08 


Q.08 


0.06 


NaOH 


6.70 


3.80 


3.80 


Silicon ants-foam agent 


1,16 


1.18 


1.18 


AsnSiGlu 


0.0145 






Gly97Glu 4-Thr164Pro 




0.0145 




Asn62Gk; ^ Thr158Ser + Gly215S0f 






0.0145 


lipase 


0.200 


0.200 


0.200 


Ceiiulase 




7,50 


7.50 


Soii release po!ym«r 


0.29 


0.15 


0.15 


^ti-foarnlng agents 


0.06 


0.085 


0.086 


Brighiener 36 


0.096 










0.05 


0,05 


fo®nz«nesuifonlc acid 


9.86 






Ci2-16 a!ky! poiyethoxylate (2,5) sulfate 




18,00 


1S.D0 


C-|2 glucose amide 




5.00 


6.00 


12-1 3 ^^y^ pclyethoxyiata (9) 


2,00 


2.00 


2-00 


Water, perfurtje and minors 


basanceto 100% 



^- Bar fabric cjeaffl^^ 



30 Bar fabric clea.ning compositions of the preser>t snver-iion suitable for 
,nand-wa^5hing soiled fabncs contain an effective amount of one or more er^zyrne 
variants of Ihe present invention, preferatsly from about 0,001% to about 10%. 
more preferably from about 0.01% to about 1% by weigiit of tiie composition. 

The bar fabric cleaning composition embodirr^aont of t-f ie prese.nt invention 

31 Is illustrated by the following examples. 



Examples 63-66 
Bar Fabric Cleaning CompDsitions 





63 


Exa?Ti 
64 


ip)8 No. 
65 


66 


Gly97Gy~f-Thf164Pro 


0.3 




0.1 


0.02 


A!a98Ser4Gly154Asn 




„- 


0.4 


0.03 


Cl2-Ci6Slkyl sulfate, Ma 


20,0 


20.0 


20.0 


20.00 


Ci2~Ci4 N-methyl glucamsde 




5.0 


S.O 


S.OO 


Ci 1-C13 a!Ryl benzene sulfonat 


B.Hb 1Q.0 


10.Q 


10,0 


10,00 


Sodium earfeonate 




2S.0 


25.0 


25,00 




m 


7,0 


7.0 


7.00 


Sodium tflpolyphosphatte 


T.O 


7.0 


7.0 


7,00 


Zeolite A (0.1 -J Op) 


S.O 


5-0 


5.0 


5.00 


Carboxyniefhyiceyulose 


0.2 


0,2 


0.2 


0.20 


Folyacryiate (MVV1400) 


0,2 


0.2 


0.2 


0.20 


Coconut monsttianoiamlde 


6.0 


5.0 


5.0 


5.00 


Briyhtenor, psrfuftJ© 


0,2 


0.2 


0.2 


0.20 


CaS04 


1.0 


10 


1.0 


1.00 




1.0 


1.0 


1.0 


1.00 




4.0 


4,0 


4,0 


4,00 






baian 


ceto 100% 


*Csn bSs selected ffornctsn¥0n!6 


mt materiafe such as CaCOs, talc, clay, silicates. 




it\ Exarnpfes 65-6S, sny conibtfiistion of Ih© BPM* variants recitad . 
Tabies 2^2% among others, are substituted for Giy97Clu + Giir164Pro ar^d 
Ala9SS0r Gfy164Asn, with j ' ' " " ' " 
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Exampfss 67-70 
Bar Fabric Gleaning C ornposihons 





67 


Example No, 
68 69 


70 


Vaf203Glu 


0.3 




0.1 


0.02 


Giy10DGIu-s-ye107Ser 


- 


0,3 


OA 


0,03 


Ci2-Cl6S^M sulfate, Na 


mo 


20.0 


20.0 


20.00 


C^12*'^14 §lucamid© 


s.o 


S.O 


$.0 


a.GO 


Ci i-Ci3 alkyi bertzene sulfonate, Na 


10,0 


10.0 


10-0 


10.00 


Sodium carbonate 


25.0 


25,0 


2S.0 


25<00 


Sodium pyrophosphate 


7.0 


7.0 


7.0 


7.G0 


Sodium tripolyphosphate 


T.0 


7.0 


7.0 


7.00 


Zeo!lt8A(0.1-.10u) 


5,0 


5,0 


6,0 


5.00 


Carboxymethyiceliuloss 


0,2 


0.2 


0.2 


0.20 


Polyacrylste (MVV 1400) 


0.2 


0.2 


0.2 


0.20 


Coconut monethano5amid® 


SO 


5 0 


5,0 


5.00 


Brightener, psr^'me 


0.2 


0 2 


0 2 


0.20 


CaS04 


1,0 


1.0 


1.0 


1.00 


M8SO4 


1,0 


10 


1.0 


1,00 


Water 


4.0 


4.0 


4,0 


4.00 






balance to 100% 



*Can b0 selected from eofivenlsnt materials such as CaGOs, talc, c!sy, siileates, 
and the like. 



In E)cample 67, tli® BPN' variants redted m Tables 2-25, arnong others, 
25 ar0 sufosHtutad for Vaf203Glu, with substantially similar results. 

In Example 68, the BPW variants recited in Tables 2-25. amono others, 
are subslitutsd for GlylOOGlu + lis107S8r, with substantislly similar results. 

in Examples 69-70, any mmbinatlon of the BPN' variants recited in 
rabies 2-25, among others, are substituted for Val203Glu and QlylOOGIu <«• 
30 lle107Se;f, wiin substantially similar results. 
B. 5<jdinoria; Cleaning Compositions 

In addition to the hard surlace cleaning, dishwashing and fabric clea.ning 
co.'^ipositions discussed above, one or more ersxyrne variants of the present 
inveruion may be incorporated into a variety of other cleaning compositions 
35 xft^era hydrolysis of an insoluble substrate is desired. Such additional cleaning 



compositions indude but are noi isn.ted to, or>;s csc-.'s;^rv5 compositions, denture 
cleaning compositions, and contact iens cieonsng con-^pcs-stions, 
1 Oral cjeaninq compcsltions 

In another embodiment of the present invenlior^. a pnsrmvsceuucally- 
acceptabte amount of one or more enzyma variants of the present invention ara 
Inclyded in compositions usefui for mmoving proteinaceous stains from teeth or 
dentures. As used homin, "oral cleaning compositions" refers to dentifrices, 
toothpastes, ioothgeis, toolhpowdsrs, mouthwashes, mouth sprays, mouth gels, 
shewing gums, tonges, sachets, tablets, biogels, prophylaxis pastes, dents! 
treatment solyisons, and the like, Fmfersbly, the oral cleansng compositions 
comprise from about 0.0001% to at)0ut 20% of one or more enzyme vadsnts of 
tfie pmsent Invention, more preferably frorr> about 0,001% to about 10%, more 
preferably stilt from about 0.01% to about 5%, by weight of the composition, and 
a pharmaceuticafiy-acceplabie carrier As used herein, "pharmaceuticaily- 
acceptab?e" means that drugs, med!came,nt$ or ine;~t ingredients which the tefm 
cfescriPes are suitable for use in contact with the tissues of tiuman,«i and lower 
animals without ur^due toxicity, incompatiPilsty. instabifay irrstalion. aliergic 
response, and the iiko, commensurate v/lth a reasonabie benefit/risk rat^o. 

Typically, the pharmaceuticafiy-aceeptafole oral cleaning carrier 
components of the oral cleaning componenis of the oral cleaning compositions 
will generally comprise from about 60% to about 99.99%, preferably from about 
65% to about 09,99%, more preferably from about 65% to about 99%, by weight 
of the composition. 

The phanDaceutically-acceptable carrier components and optional 
components which may be Included In ft^e oral cleaning compositions of the 
present invention are well known to those skiiied in the art. .A vvsde varsety of 
composition types, camBr componenis and optional components usefui m the 
oral deanirjg compositions are disclosed in U S, Patent 5,096,700: Seit^el, 
Issued March 17, 1992; U S Patent 5 028,414. Sampathkumar. sssued July 2, 
1991: and U.S. Patent 5.028,415. Benedict. Bush and SunPerg. issued July 2, 
1991: aii of which are incorporated herein by reference 

The oral cleaning compositfon embodifrieru of the pi^esent sriveniion is 
illustrated by the following examples. 
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Examples 71^74 
Penlifrice Composition 







Example No, 


Component 


71 


72 


73 74 


C»tnS9Asp AlaSSGlu * O!y102Asp 
■f-SerlQSGIu Uu109Thr 


2,000 


3.^00 


1500 2,000 


Sorbitol {70% aqueous sDiution) 


35,000 


3S.000 


35.^0 35i000 




IDOD 


1,000 


1,000 1,000 


Silica dental abrasive** 


20,000 


20.000 


20,000 20.000 


Sodium fluoride 


0.243 


0.243 


0.243 0.243 


Titanium dioxide 


0.500 


o.soo 


0,500 0 500 


Sodium sscci^arin 


0 286 


0,286 


0,286 0.2S6 


Sodium alkyl sulfate (27.9% 


4,000 


4.000 


4.000 4.000 


aqueous solution) 
Flavor 


1040 


1-040 


1.040 1.040 


Carboxyvinyi Poi>'mer*** 


0.300 


0.300 


0.300 0,300 


Carrsgesnan**** 


0.800 


0,800 


O-SOO 0-800 


Water 




baianc 


ietol00% 



*FEG-6 Polyethylene glycol having a molecular weight of 600. 



20 **Prsc!pltated silica identlffs€l as Zeodent 1 1 9 otered by J.^. Huber, 

***Garbopsl Maret:! by B.F. Goodrich Chemical Gompany. 

****lota Carmgaenan offered bf Hercules Ghemlcar Company. 

in Examples 71-74 the BPN' varfants recited In Tables 2-25, among 

others, are substituted for Gln59Asp ^ Ala98Giu -f- <3!y102Asp SerlOSGIu 
25 Leu209Thr, with substantially simiSar results. 
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Exampies 75-78 
Mouttwash Compositipn 

Example Mo, 

Component 7S 76 77 78 



s Uy9eThr*Gfy128Asp-^A!a133Glu aCSO 7.50 1.00 S.OO 
*Asn1SSGiu-Mys2l3Asp 





SDA40Alcohof 


8.00 


8.00 


8.00 


8.00 




Flavor 


om 


0.08 


0.08 


0.08 


iO 


EmulSifser 


0.08 


O.DS 


0.08 


O.OS 




Sodium Fluoflds 


0.05 


0.05 


0.05 


0,05 




Glycerin 


10,00 


10.00 


10,00 


10,00 






0,02 


0.02 


0.02 


0.02 




8en2:05C acid 


0.05 


O.OS 


0.05 


0.05 


IS 


Sodiuni hydfoxid© 


0.20 


0.20 


0,20 


0.20 




Dye 


0,04 


0,04 


0.04 


0,04 








bai 


mm to 1W% 



In Examples 75-78. m« BPU variants recited in Tables 2-2S, among 
others, are substituted for L#uS6Thr Giy128Asp ^ Afa133Glu-*- Asn166Glu + 
20 3Asp* AJ^216Asp, with subsiahtlally similar remits. 

E)iamples79-S2 

Example No. 



Cornponeriit 


79 


80 


81 


82 


as Ser13aAsp'^-Tyr217l8u 


0.01 


0.03 


0.10 


0,02 


Sorbitol 


17.50 


17,50 


17,50 


17 50 


yannitol 


17.60 


17.50 


17.50 


17,60 


Starch 


13.60 


13,60 


1 3,60 


13 60 


Sweetener 


1-20 


1.20 


1,20 


1.20 


30 Flavor 


11.70 


11.70 


11,70 


11,70 


Color 


OJO 


0.10 


0 10 


010 



Cor n Syrup balance to 100% 

in Examples 79-82/ the BFN* variants raciied sn Tables 2-25, among 
others, are substituted for S0r132Asp + Tyr217leu, with substantially simliar 
IS results. 
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Examples 83-86 

Chewing Gum Composition 

Example No, 





83 


84 


85 


86 


Thf66Pro -f GInlOSAsn -J- Lys213Asp 


0.03 


0.02 


0,10 


0,05 


Soffcitoi crystals 


38.44 


38,40 


38.40 


38,40 


PaioJa^T gum base* 


20.00 


20.00 


20,00 


20.00 


Sorbitol (70% aqueous soluUon) 


22.00 


22.00 


22,00 


22,00 


mmm 


10,00 


10,00 


10.00 


10,00 


Giycenne 


7.S6 


7.56 


7.56 


7.56 


FiaVdf 


IQO 


1.00 


1.00 


1,00 



■•Supplied by L,As Dmyfus Company^ 

others, are substiiuled for Thr66Pro 4 Gln1D3Asn + Lys213Asp, wlh 



15 substsntsaiiy similar results:. 

2. QsiMSL^S^m compositions 

in another embodiment of the present inventson, denture cleaning 
compositions for cleaning dentursvs outside r^f ihQ oral c»vlty co.mprsse one or 
more snzymse variants of the presern invention. Such denture cleaning 

20 compositions comprise an effective amount of one or more of the enzyme 
variants, prsfe-'-abiy from about 0.0001% to about 50% of one or more of the 
enzyme variants, mora preferably from about 0,001% to about 35%, m^ore 
preferably from about 0.01% to about 20%, by weight of the composition, 
and a denture ctaanslng carrier. Various denture cieansing eofnposUfon formats 

25 such as ^ff^rvaacaf^t isfelets and iha Iska aro wei! known in iJia art (ses for 
example U.S. Patent 5,055,305, Young, incorporated herein by rafarence), and 
are ganarally appropriate for Incorporation of one or mora of the enzyme variants 
lor removing proteinaceous stains from dantura&< 

The denture cleaning composition embodiment of pf^^Btxi invention is 

30 iUuslrated by the foilowing examples. 



Examples 87»90 
TwD-4ayer Effervescent DBntKire C lea rising Tablet 
Example No, 



Component 87 88 89 90 

Aoidic Layer 



GlnSSGIu ^ Ser-63Giu ValSoMel 


: 1.0 


1.5 


0.01 


0.05 


«f <5ly07Pro ^ Tyr217Aia 










Tartaric adci 


24.0 


24,0 


24.00 


24.00 


Sodium carbonate 


40 


4,0 


4.00 


4.00 


Sulphamloaad 


10,0 


10.0 


10.00 


10,00 


PEG 20,000 


4.0 


4.0 


4.00 


4.00 


Sodium bicarbonate 


24,5 


24,5 


24.50 


24.60 


Potassium persulfato 


15.0 


15.0 


15.00 


15,00 


Sodium aojo pyroptiospH^t@ 


7-0 


7.0 


7.00 


7.00 


Pyrogenic silica 


2,0 


2.0 


2. 00 


2.00 


TAED* 


7.0 


7.0 


7.00 


7.00 


Rianoieyisulfosucoinate 


0.5 


0.5 


O.SO 


O.SO 


Flavor 
^ikalina Layar 


1.0 


1.0 


1.00 


1.0D 




32.0 


32.0 


32.00 


32.00 




im 


lao 


19.00 


19.00 


EDTA 


m 


3.0 


3.00 


3,00 


Sodium iripoiyphosphgte 




12.0 


12.00 


12.00 


PEG 20,000 


2,0 


2;0 


2.0Q 


2,00 


Potassium parsulfat^ 


26.0 


20,0 


26.00 


26,00 


Sodium rarbor^atfg 


2,0 


2,0 


2.00 


2.00 


Pyrogen tesllicia 


2.0 


2.0 


2.00 


2,00 


Dye/flavor 


2.0 


2.0 


2.00 


2.00 



*Tetraacaty1ethyl®ns diamine 



in Exampie.s 87-90, ths BPN' variants recited in Tables 2-25, among 
others, are substituted for GinSOGiu - SerSSGIu + Val95Met GiyBTPm + 
Tyr217,4ia, Vy'ith substantlalsy similar resuits. 

In another smbodsmerit of the present Invention, contact tens cleaning 
compositions osmprlse one or more an^:yma variants of the present invention. 
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Sucn contact iens cleanino cca-iposstionB co;-npriss an effective amount of one or 
more of the enzyme varii^rits. prefc^rabK' from about 0,01% to about 50% of one 
or more of the enzyme variants, more preferably from about 0.01% to about 
20%, 0>ofe preferably still from about 1% to about 5%, by weight of the 

S compositiori, and a contact lens deansng earner, Vanous contact lens cfeaoing 
comjsosEfen formats such as tablets, liquids and the like ar« v^eif kmrnn m th® art 
(see for example U.S, Patmi 4,863,027, Davles, Meaken and Rees, issued 
Septembers, 1089; U,B. Patent Re. 32,672, Htith, lam and Kirai, mjs&ued May 
24, 1988; U.S. I^atsr^t 4,609.493, Schifef, Issued September 2, 1SB6; U.S. 

10 PBiBTti, 4,690,793, Ogunblys and Smith, Issued September 1, 1987; U.S. Patent 
4.614,649, Ogunbiyi, Rledhar^imer and Smith, issued September 30, 1986; and 
U,S. Patent 4,28SJ38, Ogata, issued August 2sS, 1981: each of which are 
incorporated herein by reference), and are generaiiy appropriate for 
Inco.r.poralior^ of one or more eni^yme variants of the present invention for 

i5 removing p?"oteinaceous stssins from contact lens. 

The contact lens cseanin-c composition embodiment of the present 
Invention 5s Illustrated by the following exarnples. 



Examples 11 '<94 
Enzymatic Contact Lens Cleaning Soiutlon 







Example No. 




Component 


01 


92 


93 


94 


SeriatGlu-i-GlyaiSSer 


0.01 


0.5 


Q.I 


2.0 


Glucose 


S0,00 


50,0 


60.0 


60,0 


Honsonic surfactant (polyoxyethlene- 


2.00 


2.0 


2.0 


2.0 


pofyoxypfopytene copolymer) 










Anionic surfactant (polyoxyethylene- 


1,00 


1.0 


1.0 


1,0 


alkylphenylether sodium sulfricester) 










Sodium chloride 


1.00 


1.0 


1 0 


1.0 


Borax 


0,30 


0,3 


0.3 


0,3 


Water 




baience to 100% 





ExarnpiOB 91-94, the B,PN' variants recited in Tables 2-25. among 
other's, are .substituted for Ser;9lGiU -f Gly219Ser, with substantially s;mitar 



msultc- 

WTuie patticular enibodlments of the subjact Invention f^ave been 
3S described, It will be obvious to those sKilied In the art that various changes and 
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moa?firato'!S oi the «uDiect invent ci be race strain depe'tr^o frcm the 
spirit ard scope of the mventson it is sntended to cover, in the appended claims, 
ali such modifications that ar@ within the scope of the inventson 



(lij fisicB or 




m STREET ! 11810 sJvsT mmi »xvsR mm 

(»-! ST^lTEc OH 




m r^htl^mi S13-627-02&0 



U> S^QUKNC^. CHARACTJiSI attest 



g<g^ SIS' ||« ^'^^ S®¥ His |m r,®« l^s ¥sl |ii 



so BS 60 

OXy 3?hr His VsX »Xa Gly Thr Vsi Ma iMa Asu h&n Ser Xlss Cly 
SS 70 7S SO 

V&i aiy Val Ala mo S«je Ma Sesr X*8« tryr V«X Lys Vsl 
SS 90 9S 

«ly Ms Giy ser Siy Sla Tyr S&r Tjf|> Xi« II« Qly IXe Si« 

Tr|> Ma JU »ls Asn M«t Asp VaX &sn Met Ser Leu OXy Gly 
MS Xm X2S 

?rcj Sar Giy Ser hl& kl& Levi l.y«t Ala J^.Ui Vel As;p I.yss VMl Als 
1K> 140 

Olv Vsi X?ai Val Val Alii AXes iVla Qly Ai^n Qla Glv Thr Ses: Giy 

14S " ISO 1S5 ISO 

Ssjr Ser Thr VsX Gly Ifyr Pro iy^ Tvr Tvq S®r Val Ais 
iSS 17% 

Vsi »iy 3ii3 Visl Asp Sar Se* As« Ola Arg AXs Se« Fh« Ser Ser Vsl 
ISO ISS 190 

<Sly *ro eiu Less Asp VM Kst hl& Pre Oly ¥aX Sear lie Gia Seir Thsr 

X5S aoo SOS 

i.e« Pro Giv Asn tys Tyr CXy Ala Tyr Asn €-ly Thr Ser S^ot Ala Ssr 
210 ' ■ ' 2iS 22(i 

S-rc! His Val Ala Giy Ala Ma Lay lie Lsu Sgx Lyy His Pro 

22 & aSO 335 S40 

Thr Ass« Th!f Sia VsX S)e^ Sejf Set- L&u Ci« Thx- T;^r TJu- tva 
a4S 2S0 

L&u eiy JiLKjs iitf j*is«fe Tytf Tyr aly III «iy x.«« lie Asn y^l Qtti Ma 
Aia Ms. eXn 



1 A BFH' Mmmt mm ^ mmm^ mim add mqmnw of %vli€l-4yp® 
amino mM sequence, tie «4yps ^ino acid se^ss asmprising a ^mt 
Imp mglpn, a sajjond loop reglorSi a third loop r^ion, a fourth loop region and 
a » ioop regon: ©haradsrized in tm tte modified amino add ssqyeoce 
eomprlsss a sybslitutfen at one or mom posrtions in ona or mom of Ih® loop 



wlisn a sub$tUution mom m tsa firsi loop 
substitution occurs st om or more of positions 5S, 60, m, 62, 63, 
65 or 66; wherein 

a ^^'hen a substitution occurs at posilsoR 5S, tha substituting 

amino add is Asn, Glu or Ser; 
b. %han a sutistitution ocpMfs at position 60; the substituting 

amino add is Qlu; 
0. vs?h8n a substitution oeojfs at pssitior} 61, t?e substituting 

amino acid is Asp, ain, Giu or Sar; 
4. wtian a substituUon occurs at position 62, tiie substitiitino 

amino acid is Asp, Oin. <Slu Of Ser; 
^, v^han a substitution occurs at position 63, the substllyling 

amino add Is Asp or Giu; 
t whan a substitution occurs at position 65, the subslitiiting 

amino add is Asn, Asp, Gin, Giu, ^^re or Ser; and 
g. when a substitution occurs at position 66, the sybslituling 

amino acid is Asn, Asp. Gin, Glu, Gly, Fro or S®r; 
when a substitution occurs in Ihs second loop region, the 
substitution ocoirs at ona or mora of positions 95, 96, 97, 98, 99, 
m, 101, 102, 103. 104, Ids. 10S Of wharaifi 

a. wTsen a sut3st»n occurs at posits 

amino aoid is Afa, Asn, Asp, Gin, Olu, Giy, His. Mat, 
Pro,S0forthn 

b. wiian a sybstilution ooeurs at position 96. tha sutssttluting 
amino acid is Ala, Asn, Asp. Cys, Gin, Glu, Gly, His, lie, 
mi Fro, Ser, Thf or Vaj; 

a whan a substitutiOii oooufs at position 97, tha substitutins 
amino acid is Mn. Asp, Gin, Glu, Pm or Sar; 
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d, when a substitution occurs at position 98, th^ substituting 
amino acid Asn, Asp, GSn, Giu, Gly, HiS, Pro, Ser Thr; 

0, when a substitution Qcairs at position 99, «ie substituting 

amino acicllsau; 
i when a substituUon ocsciifs at position 100. the substituting 

amino acid is Asn, Asp, G^n. Glu. Pro or Sor; 

g, when a substitution occurs at position 101 , th® sufestituttng 
amino add is Asp or Glu; 

h. when a substitution occurs at pas^lion 102, tho substituting 
amino acid is Asn. Asp, Gin, Glu. Pro or Sar; 

i when a substitution oc<:4jrs at position 103, tha substiluting 

amino acid is Asn, Asp, Glu or Ser; 
[. wr^v- £u;r:a !.tutson occurs at position 1 04, the substituting 

amsrio aoQ is Aia, Asn, Asp, Cys, Gin, Glu, Gly, His, He, 

Leu, yet, l»ro. Saf, Thr or Val; 
k when a substMon occurs at position 1 0S, the substituting 

amino acid Is: Asp Of Glu; 
I whan a substitution occurs at position IDS, tie substituting 

amino acid is Ala, Asn, Asp, Cys, Gin, Glu, Gly, His, Ite. 

iMa, Mat, Phe, J»r», Ser, Thr, Tyr or Val; and 
m. whan a substitution occurs at position 107. the substituting 

amino acid is Ala, Asn, Asp, Cys, Gin. Glu, Gly. His, lau. 

yet, Fro, Ser.Thr orVal; 
C, when a substitution occurs in the third loop region, the 
substitution occurs at one or more of positions 126, 127. 12S, 
129, 130, 131, 132 or 133; wherem 

a. a substitution occurs at position 126. the substituting 
amino acid is Ala, Asn, Asp, Cys, Gin, Glu, Gly. His, lie, 
|ylet,PfO, Ser,ThrorVa!; 

b. when d substitution occurs at position 127, the substituting 
amino acid is Asn. Asp, Gin, G!u, Pro or Ser; 

c whan a substitution occurs at position 128, the substituting 
amino acid is Asn, Asp, Gin. Glu, Gly or Ser; 

d when a substitution occurs at position 1 29. the substituting 
amino acid is Asn, Asp. Gin, Glu, Gly or Ser, 

e. whan a substitution occurs at position 1 30. the substitutir^g 
amino add is Asp or Glu; 



ar Dacic* ^ A- Cln GL GlyorSe 

§ svhcn a s^^s^ * ^ occ-j-s 2t * 132 tnc subststuting 

amjno aa^ A p G <. arz 
h when a suds cn 00:^^'$ al ^ o-^ t cn 13"-, the subs itutmg 

^^^jr-ncca sAsn Acd G1 > Gu Glj H- P?v SerorTnr. 
vtfne^ a substitution occurs r the t,3ufth loop .egion, th© 
subsMuto ocoffs at one or irore of positions 154, 156. 1S6 
15?, 1SS, 159, 160, 161 162. 163, 164. 163, 166 or 16"^ whemin 
a when a subst*iuhon oo^rs si pomon 1 64 me subsfiluting 

ammo aad ts Asn. Asp, ©Jn, CSIu, Pro or Ser; 
b when a substitution ocoirs ai positiort 1 55, the substftutms 

amino acid Asp, Oln, Giu or S®r: 
c when a substitution occurs a* position 1 56, the substituting 

amino acao is Asp; 
d when a substitution occurs at position 1 57, the substituting 

amino aad is Asn. Asp, Gfn, Glu, Pro or Ser: 
e whsn a substitution tvoj s st 00s *'on ^^^S tn® sutss^itutrg 

a rino aco is A<-" A'^m C O 1 , P v or Se 
f when a substitutun occu & at dos ' t n ^ o9 *ne subs'j*ut ng 

amino add is Asp or ^lu; 
g wfian a sybstitutson occurs at position ISO xm subst tJt ng 

Bmmo acid ss Asa Asp, Gin, Glu; Pro Qf $«r; 
h when a substitution occurs at position 1 81 tha substituting 

ammo acid Is Asp or Giu; 
I whan a substitution occurs at position 162, the substituting 

arnino acid is Asp or Glu; 
I ^hen a substitution occurs at position 163, the substituting 

amino acid ss Asp or Glu; 
k wne^ a suDst tUion c:xurs at positior 134, ih& & bstituting 

annoacid sAsn Asp G'n Giu CI? PfOorSe*' 
I vvhe-" a substitution ocoj-s wt dc- \on ^65 suDst 

amino aad s Ab A$n Cy Clu Giy H s 

Fit. Set c'1hr 

m when a substitution occurs at position 166 the substituting 
ammo acrd is Asn, Asp, Gin, Glu. Pro or Sar; and 
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n. when a substitution occurs at position 167, the substituting 
amino add is Aia. Asn, Asp, Cy«< Gin, Glu, Giy, H^s, lie. 
Leu. Met. Fro, S«r, Thr or Val; and 
E, when a sybsiitution occurs in the fifth loop region, the 

subsMon occurs at cws or more of positions 187, 188, IBS. 

ISO OF til; wherein 

a. when a substitulton occurs at position 1 87, the substituting 
amino add Is Asn, Asp, Gin, Ciu, Gly, Hss, Pro, Ssr and 
Thr; 

b. whsn a substitution occurs at position 1 88, the substituting 
amino acid is Asp or Giu; 

c. whan a substitution occurs st position 189, the substituting 
amino acid is Ala, Asn, Asp, Cys, Gin. Glu, Giy, His,, lie. 
leu. mi Pro. Ser, Thr. Tyr or Val; 

when a subsUlution occurs 3t positfon 190, the substituting 
amino acid is Asp or Glu; and 

when a substitution occurs at position 101, th© subsUtulsng 

amino add js Asp or Giy; 
whereby the 8PM' variam has decreased adsorption to, and increased 
hydrolysis of. m insoluble substrate as compared to wild-lype subtilisin BPN'. 

2. The BPW variant of Ciaim 1 , wherein one or mora substitutions occur in 
tha fsrst loop region, 

3. The BPH' variant of Claim 1 , wherein one or more substitutions occur In 
Ihe second loop repion. 

4. The variarvt of Claim 1, wherein one or mora substMons oo&ir in 

th0 third loop region. 

5. The BPW variant of Claim 1 , wherein one or more substttutior?s ocm m 
the foyrth loop region. 

6. the BPW varisnt of CDSaim 1 . wherein one or mora substitutiohs occur in 
tha fifth loop regioa 

7. The BPU variant of any of Ciaims 1-6. wherein the wild-type amino acid 
se«?uenoe further comprises a sixth loop region, charaotehzed in thai the 
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modified amino add sequsnc® further compnses one or more subsUtuttons m 
the sixth loop region; wherein the substitulior^(s) in Ihe sixth loop region occiirs 
at one or more of positions 199, 200, 201, 202, 203, 204, 205. 206, 207, 208, 
2Q9, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219 or 220; wherein 

a. when a substitution occurs at position 1 99. the substitutino ammo 
add for position 199 iS Cys Aia H;s Thr, Pro. Gly, Gin, .Asn, 
Ser, Asp Of Glu; 

b. v^'^.e^ a substitution occurs at position 200, tha substituting amino 
acid for posfison 200 is Hts, Thr, Pro. 6ty, Gin, Asn, Sar, Asp or 
aiu; 

0. wt>en a substitution occurs at position 201 , the substituting amino 
acid for posftior^ 201 is Giy. Gin, Asn, Ser, Asp or Glu; 

d. whan a substitution occurs at possiion 202, the substituting artiino 
acid for position 202 is Fro. Gin, Asn, Ser, Asp or Glu; 
when a sybslitution occurs at position 203. tha substituting amino 
add for position 203 is m Cys, Aia, His. Thr. Pro, Giy, Gin. 
Asn, Ser, Aspor <Biu; 

f. when a substitution occurs at position 204, the substituting amino 
acid for position 204 Is Asp, or Glu; 

g. when a substitution occurs at position 205, the substituting amino 
acid for position 205 is Leu. Vai, Mot, Cys, Ala. Hss. Thr. Pro. Gly. 
Gin, Asn, Ser. Asp or Glu; 

h. wt^en a substitution occurs at position 2C6, the substituting ammo 
acid for position 2CS §s Pro. Asn, Ser. Asp, or Glu: 

1. when a substitution occurs at position 207, the substituting amino 
acid for position 207 is Asp or OSu; 

J, whan a substitution occurs at position 208, tha substituting amino 

add for position 208 is Pro, Gly. Gin, Asn, Ser. Asp or Glu; 
k, when a substitution occurs at position 209, the substituting amino 

acid for position 209 is lie, Vaf, Met, Cys, Ala, His, Thr. Pro. Gly. 

Gin, Asn, Sar, Asp or Glu; 
I when a substitution occurs at position 2 1 0, the substitutir>g amino 

acid for position 210 Is Ala, Giy, Gin, Asn, Ser, ,^sp or Giu; 

wt^en a substitution occurs at position 21 1 , the substituting amsno 

acid for position 211 is Ala, Pro, Gin, Asn, Ser. Asp or Glu; 
a when a substitution occurs at position 212, the substituting ar^iino 

add for position 21 2 Is Gin. Sen Asp or Glu; 



o- when a s-jbstitut:on occurs at position 213, Ihe substituting atT^Ino 

acid for position 213 is Trp, Phe. Tyr, Leu, Val, W, Cys, Afa, 

Mis, Thr, Pro, Giy, Gin, Asn, Set, Asp Of Giu; 
p. wh©n a stjbstitutton occurs at position 214, the substituting amrno 

acid for position 214 is Phe, Uu, lie, Vai, Met. Cys, Ala, His, Thr, 

I*f0, Gly, aia Asn, Ser, Asp or Olu; 
q. when a substitution occurs at position 215, the substituting amino 

add for position 216 isThf. Pro, Gin, Asn. Ser, Asp or Giu; 
f. when a substitution occurs at position 216, tt^s substituting amino 

add for position 216 b His, Thr, Pro, G!y. Gin. Asn, Ser, Asp or 

<3lu; 

s, when a sutjstitution occurs at position 21 ?, the substituting amsno 

acid for posHioJi 217 is Lbu, lie, Va!, Mot, Cys, Ala, His, Thr, Pro. 

Gly, Gin, Asn, Ser, Asp of Giu; 
t when a suDst^tution occurs at position 21 8, ths substituting amino 

acsd for position 218 is Gla Ser. Asp or Giu; 
u. when a substitutson occurs at position 2 1 9. ti^e substituting amino 

acid for position 21 9 is Pro. Gin, Asn, Ser, Asp or Giu; and 
V. when a substitution occurs at position 220, the substituting amino 

acid for position 220 is Pro, Gly, Gin, Asn. Ser Asp or Giu. 

S. A cleaning composition selected from the group consisting of a hard 
surface cleaning composition, a dishwashing composition, an oral 
ciaanlng composition, a denture cleansing ccmposUion, a contact lens 
cleanlna composition and a fabric cleaning composition, charactaflEed 
In that the cleaning composition comprises the BPN* variant of any of 
Claims 1-? and a cleaning composition catrmr. 

a The cleaning composition of Claim 8, ^%'herefn the cleaning composition 
is a hand surface cleaning cpmposltlonv 

10. The oleanlna composition of Claim S. wherein the cleaning composition 
is a fabric cleaning ca>n^posltion> 

11 A mutant BPH gene encoding the BPN' variant of any of Claims 1 >7. 
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